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ABSTRACT  
The introduction to the thesis is concerned with 
valence isomerisatiOns in electrocyClic reactions in 
cyclic systems and the Cope rearrangement. 
The remainder of the thesis is divided into three 
sections. 	The first of these is concerned with some 
studies on electrocyCliC reactions. 	The direct 
observation of the enolate ion of eucarvofle by n.m.r. 
spectroscopy at various temperatures is described. 	The 
alkylatiofl of the eucarvofle enolate ion is also described. 
In particular the methylatiOn of the eucarvofle enolate 
ion is studied and this is related to the equilibrium 
concentration of the two enolate ion forms. 	The 
5 reochemistry of the alkylatiOn of the eucarvOfle enolate 
ion is also discussed. 	The thermal rearrangements of the 
alkylated eucarvone products 3 ' -en-l' _ylcar-)4-efl -2 
one, 3_benzylcar en-2-ofle and 3_methylCar_ en-2-one are 
reported. 
The second section deals largely with the base 
catalysed Cope rearrangement of a cyclic enolate ion in the 
conversion of 1,4,_trimethylbicyd l0 [ 5,1,0 ] 0ct_5__2_0  
to 3,8,8_trimethYlbiCYc10[5,1,0]00t_5__2_0 	
The direct 
observation by n.m.r. spectroscopy and rnethylatiofl of the 
enolate ion of 
were studied and related to the eucarvofle system. 	In 
addition the kinetic study of the deuterium exchange of 
the protons o( to the carbonyl group and the attempts to 
isolate the hydrocarbon, enol ether and enol acetate 
derived from 1,,_trimethYlbicYClO[5,1, 0 ] 0ct_5_ 1_2_0h1e 
are described. 
The third section describes the stereochemical 
assignments of the 7-methyl groups in the derivatives of  
,3,7_trimethyloCta-4,6-d.1en0ic acid formed from the 
stereoselectiVe, photochemical, electrocyclic, valence 
transformation of 3_methylcar-4-efl-2-ofle. Differentiation 
of the two methyl groups in 4_methylpenta-1,3 -dJene by 
n.rn.r. spectroscopy was accomplished by utilising the 
thermal [1,5] hydrogen migration in 5,5,5-trideuterio-
methylpeflta_1,3d.iene. 	This was confirmed by the nuclear 
Overhauser effect upon the 6-H of the two vinylic methyl 
groups in methyl trans-3,3,7-trimethylocta -4 , 6-dienoate.  
The elucidated stereochemical course is rationalised by 
a non-concerted rearrangement mechanism. 
The topics discussed in the third section have 
appeared as two published papers in the Journal of the 
Chemical Society, Perkin Transactions: Part II and 
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I N T P ODU C T I 0 N 
El ec tro cycl Ic Reactions jciciicSstems: 
ElectrocycliC reactions are so called because they 
involve the interconversion of a donjugated polyene 
and the cyclic structural isomer formed by bonding 
between the terminal carbons. Woodward and Hoffmann 
in 1965 proposed a sweeping new theory to rationalise 
electrocyclic reactions" and they presented a set of 
selection rules which can be used to predict the 
feasibility and steric course of projected reactions 
of this type. 	These selection rules were generalised 
as follows: the steric course of electrocyclic 
reactions is determined by the symmetry of the highest 
occupied molecular orbital of the open chain isomer of 
the system. 	If this polyene contains Li-n TI- electrons, 
where n is any integer, thermal reactions occur by a 
conrotatory and photochemical isomerisatioflS by a 
disrotatory mode. 	If the polyene contains Li-n + 2 7_(_ 
electrons these modes are reversed. 
No. of 71- electrons Reacttofls 	Mode 
Li-n 	 Thermal 	Conrotatori 
Li-n 	 Photochemical Disrotatory 
Li-n + 2 	 Thermal 	Disrotatory 
Li-n + 2 	 Photochemical Conrotatory 
Since the Woodward-Hoffmann rules are only 
selection rules, concerted isomerisationS are 
2 
energetically favoured but not required to occur in 
the presaribed manner. 	If structural limitations 
prevent the favoured mode of isomerisation, reaction 
via the disfavoured mode or via mechanisms involving 
diradical or dipolar intermediates may occur. 
Of all the cyclic systems which can undergo 
electrocyclic ring closure the smallest unsaturated 
polycycle yet secured is bicyclo[2,l,O]Peflt-2-efle (1) 
generated by the photochemical electrocyclisatiOn of 
cyclopentad.iene in a symmetry allowed, disrotatory 
reaction. 2 	The bicyclopenterle was found to have a 
half life of approximately two hours in carbon 
tetrachloride solution at room temperature producing 
polymer and cyclopentadiefle. 	The discoverers 
consequently suggested that this 'forbidden', thermal, 
disrotatory reaction was due to the considerable 
internal strain of the bicyclic system forcing the 
hydrocarbon to circumvent the normal orbital symmetry 
requirements for ring opening. 	This was supported 
by later wor1 3 which also rationalised the observation 
that a 'forbidden' disrotatory, reaction can proceed 
at a lower temperature and with a lower activation 
energy than its allowed, conrotatory, monocyclic 
analogue, cyclobutene-bUtadiefle by showing that the 
transition state for the bicyclo[2,l,O]Peflt_2_efle 
cyclopentadiefle reaction was significantly less 
strained than the ground state. 	In an attempt to 
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thermal rearrangement of 2_methylbicYClO[2,1,0]Pent-2 
ene (2.) was studied5 'and reported to give only 1-
methylcycloPefltadiefle, trapped as its N-phenylmaleimide 
adduct. This was rationalised by treating the 
conversion as a symmetry allowed (o?s + ?a) pericyclic 
reaction involving the c(i) - C(2) and C(Li) - 0(5) 
bonds. (Figure i.) Although the exclusiveness of the 
formation of l_methylcyclopefltadiene in the solution 
phase was later challenged, 6 with the observation that 
the 2-methyl isomer was the predominating product under 
the same conditions, it was agreed that this could still 
be readily explained by the concerted, (o?s +-o 2 a)  
process, but with the migrating methylene group moving 
to 0(3) of (2) to form 2_methylcyclopentadiefle. 
(Figure 2.) Gas phase kinetic results 7 agreed with 
this latter observation. 	It was stated that only the 
(0 
2  s + o?a ) intramolecular  cycloadditiOfl satisfies the 
gas phase results (Figure 3.) with respect to partition 
to two rnethylcyclOpefltadiefles. (As shown in Figures 1. 
and 2.) 	it was pointed out that mechanisms based on 
diradical intermediates could not. 
The next homologue in the series which should 
theoretically be capable of electrocyclic ring closure 
in a symmetry allowed, disrotatory, thermal reaction 
is cycloheptatriefle which should be capable of forming 
norcaradiene (bicyclo[4,1,0]hePta-2,4-diefle). 
However, when the system was observed by the variable 
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equilibrium was detected, although a rapid ring 
inversion of the cycloheptatriefle boat form was 
apparent. 	Substituted norcaradiefleS can, however be 
stabilised if one of the double bonds is incorporated 
into a benzene ring as in 	
10,11 
and dibenzonorcaradiefle13 (Lv). 	In fact, a 
valence-taUtOmeric equilibrium has been established 15 
for the antipodes (3a. and 3b.) of benzonorcaradiefle 
by variable temperature n.m.r. (Figure Li..) 	It was 
assumed that this involves a cycloheptatriefle 
intermediate, the concentration of which remains below 
that detectable by. n.m.r. spectroscop.v (i.e. that 
K2 K1 ). 	The norcarad.iene form can also be stabilised 
by the c(i) and c(6) atoms of the norcarad.iefle being 
held.in place by an additional five membered ring as 
in examples (5) and (6) 17 . 	The rigidity of the 
five membered ring bridge makes it impossible for the 
system to adopt the open triene form which occurs in 
the analogous case of a six membered ring bridge 18,19,20. 
The first substituted norcaradiene prepared and 
characterised was the one in which 	 5.) 
and which was found to exist exclusively as the 
bicyclic form. 	The analogous bjs_trjfluoromethyl 
compound was found to exist solely in the open triene 
form. 22 ' 23 	Thus it was no surprise to find that 
the compound with R=CN, R 1."CF 3 24. revealed a rapid 
valence tautomeric equilibrium at room temperature 
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5 
of the cycloheptatriefle and norcaradiefle forms in 
the ratio of L:l. 
A mechanism for the stabilisation of the bicyclic 
form was proposed by Hoffman 25 who suggested that 
when the ligand TV- system was a good electron 
acceptor the important stabilisation interaction was 
the mixing of the acceptor orbital into the 
antisymmetriC component of the occupied degenerate 
Walsh orbital pair in cyclopropane. 	(Figure 6.) 
The overall result is delocaliSation of the molecular 
orbital over the vicinal TV system. 	Support for 
this was found in the crystallographic study of 
2,5_dimethyl_7,7_diCYan0fl0rcaene7 in which the 
observed bond length for the c(l) - c(6) bond is much 
shorter than the observed bond lengths for the 
C(l) - C(7) and c(6) - C(7) bonds. 	This was as 
expected since the delocaliSatiofl should cause 
c(i) - c(6) antibonding to be weakened (i.e. the bond 
becomes shorter and stronger) and similar weakening 
of the b(i) - C(7) and c(6) - c(7) bonds. 	Two other 
examples are quoted by Hoffmann which have the 
external Ti system held rigidly in the required 
geometry and which possess the acceptor orbitals of 
the correct symmetry. 	These are spiro_12,4_ 
cyclopentadiefle_1,7 1 _fl0r'1 	(7.). and 
L,L- 
dimetylspiro_[CYCloheXadiel , 7 '-norcaradi ene] 29,30 
A further example, spiro_[ifldefle_l,7'_n0rCare] (9w), 
has since been reported3LWhere one of the bonds in 
6. 
(7) has been replaced by a benzene ring. 	Hoffmann 
did not claim that this interaction was the only 
factor contri!buting to the observed position of the 
equilibrium since substitution sites on the 
cycloheptatriefle ring could also contribute as in the 
case of 2,5,7_tripheflYlflOrCaradiene(10.) 	So also 
might the external angle at c(7.). 	It has been 
suggested33  that the decreased C(l) - c(7) angle 
favoured by the dipole-dipole interaction between the 
cyano groups in 7,7_dicyanOflOrCaradJefle aide the 
stability of the norcaradiefle system. 	Spirononatriefle 
(ii) represents the other extreme where the large 
c(L.) to C(9) distance caused by the compression of 
the c(i) - c(3) - c(2) angle prevents tautomerisation 
to the norcaradiefle form. 	This is supported by the 
fact that spirononatriefle has been shown experimentally 
to exhibit no norcaradiefle character in Diels-Alder 
reactions. 	This contrasts with cycloheptatriefle 
itself which yields a norcaradiefle adduct on treatment 
with fumaryl chloride. 	It has been suggested3 that 
the preferred mechanism is through a transition state 
with the norcaradiefle structure. Further evidence 35 
of the importance of the C(l) - C(7) - c(6) bond angle 
is supplied by the demonstration of a fast, reversible 
cycloheptatriefle_fl0rcae 	equilibrium for 7,7- 
dicarbomethoXYcYC10heptate 	(12.) which has steric 
crowding in addition to dipole-dipole interactions 
and which requires an activation energy of 7 Kcal/mole 
CO 
2 
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7 ; ; 
for the reaction norcaradiefle _cycloheptatriefle. 
The emergence of Fourier transform spectra will 
enable the detection of norcaradiefle and,cycloheptatriefle 
valence isomers to be made more readily 
36. since smaller 
ratios of either isomer will be capable of detection. 
Cycloheptatriene-norcaraaiene equilibria have 
also been established for heterocyclic compounds. 
Most notable of these is probably the oxepin-benzene 
oxide valence tautomeriSm demonstrated by Voge1 37 and 
co-Workers. 	The temperature dependence of the n.m.r. 
spectrum indicated a fast, reversible, valence 
isomerisatiOn between oxepin (13.) and benzene oxide. 
(iL'-.) 	The equilibrium was found to be solvent 
from 30% benzene oxide in 
isooctane to 90% benzene oxide in water methanol mixture. 
A similar situation has been demonstrated for the 
nitrogen analogue although azepin& have been found 
to be stable only with electron withdrawing 
substituentS attached to the nitrogen. 	Benzene 
imine itself has not yet been isolated but there are 
indicatiOflS ° that N-methyl azepin (15.) may be in 
equilibrium with its benzene imine analogue since 
the unstable N-methyl azepin was observed to undergo 
aromatisation to N-methyl aniline in addition to 
thermal dimerisation. 	It has recently been 
discoveredthat the 4H-azepin (16.) exists 
Dreominantly in the open triene form, while the 

















norcardiene form. 	This was rationalised by the 
observation that while the bond energies of the 
C=C and C=N bonds are virtually identical, the bond 
energy of the N=N double bond is 50 Kcal./mole less. 
A supporting manifestation of this being the ready 
valence tautomerism, of 1-pyrazolines to 2-pyrazolines. 
Cyclooctatetraene has been shown to be in 
equilibrium with 0.01% of its valence tautomer 
bicyclo[4,2,0]Octa_2,4,7_triefle (18.) at 1000  in 
di oxan .U2 	The structure of the bicyclic tautorner 
has been confirmed by isolation in 95% purity at 
-78 o.43- 	1,3,5-CyclOoctatriene (19.) has been shown 
to undergo an analogous, symmetry allowed, thermal, 
disrotatory, electrocyclic reaction, 	the 
equilibrium mixture containing 10.8% of the bicyclic 
form) 5 	That the equilibrium concentration of the 
bicyclic isomer is higher in this case might have been 
expected as the four membered ring is now less 
strained being saturated. 	The effect of 7- and 8- 
substitution on the position of the equilibrium in 
this system has recently been studied. 5 	The 
proportion-of the bicyclic isomer is favoured by 
an increase in the number of substituents but also 
depends on their nature and configuration. 
Valence tautomeric equilibria have been 
observed in ketones in which the double bond of the 
enolate ion of the ketone is part of a polyene 
undergoing electrocyclic reaction. 
Me 	 Me 
,
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Probably the best known of these is the eucarvone 
system. 6 ' 	Alkylation of the enolate ion was 
found to yield a bicyclic product, which yielded 
cis-caronic acid upon ozonolysis, but acylation yielded 
a monocyclic enol ester. 	The enol esters were found 
to be stable to prolonged heating at 1000,  but 
ozonolysis of the enol esters yielded cis-caronic acid 
conflicting with the physical evidence for a monocyclic 
structure. 	This suggests that the mechanism for 
ozonolysis involves a bicyclic intermediate. 47.  
(Figure 7.) 	That the enolate ion of eucarvone did 
undergo a valence tautornerisation to the bicyclic 
anion was established by deuterium exchange 
experiments 8 (Figure 8.) 	Eucarvone exchanges the 
two hydrogens d to the carbonyl within five minutes, 
a third hydrogen being completely exchanged after five 
hours on treatment with sodium ethoxid.e in[ 21i1 ] ethanol. 
The monocyclic anion is obviously protonated at a 
considerable faster rate than bridging occurs to 
form the bicyclic anion. 	Deuteriation of the 
bicyclic anion can occur at either position 3 or 
position 5, but the 3 position will be the most 
reactive being the position of highest electron 
density and the position of alkylation. 	However, 
upon reenolisation this deuterium would be lost. 
Deuteriation at the 5 position would be much slower 
but reenolisation would produce a situation where 
either a deuterium or a proton cculd be lost. 	In a 
Me (20 






























large excess of deuteriated solvent a Li--deuteriated 
product would slowly accumulate. 
The stereochemistry of the alkylation of the 
eucarvone enolate ion was reported by J.E. Baldwin 
to occur from the most sterically hindered face of 
the molecule which seemed surprising. 	This 
observation was noted whilst investigating the 
stereoselective, photochemical, electrocyclic 
transformation of 3-methylcar-4--en-2-one (20.) into 
methyl trans-3,3,7-trimethy1octa-4,6-dienoate (21.). 
These observations will be discussed and investigated 
further in the discussion section. 
3,5,5,7-Tetramethylcycloocta-2,7-dienone (22.) 
upon treatment with p-toluene sulphonic acid revealed 
a valence-tautomeric equilibrium 5o.  analogousto 
cyclooctatriene through the enolate ion intermediate. 
The equilibrium mixture was found to contain 95% of 
the bicyclic ketone. 
Similarly, 2.,, -cyclooctatrienone (23.) hs 
been shown to be in eauilibrium with 5% of its 
valence tautomer bicyclo[4,2,0]-2,4--dien-7-one (24.) 
at 200,  in a manner analogous to cyclooctatriene and 
cyclooctatetraene, by infra red5 and n.m.r. studies37 
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The Cope earrarement. 	First discovered by 
A.C. C op e52 in 190 and represented in Figure 7(a), 
it was the first true thermal rearrangement of the 
'no mechanism' type, change of solvents or catalysts 
having no effect upon the rate of isomerisation. 
It was concluded from the type of products, strongly 
negative entropy of activation, and low activation 
energy that dissociation into two free allyl radicals 
did not occur. A cyclic process was favoured. 
There was much 	 the 
geometry of the two allyl systems in the transition 
state complex. 	The two allyl systems could either 
be bound together by binding forces between all three 
pairs of atoms giving the complex a six centre boat 
form, or only by binding forces between the four 
terminal atoms giving the complex a four centre chair 
form. 	The geometry of the transition state was 
finally elucidated by Doering and Roth 58 WhO observed 
that meso_3,4_dimethYl_1,5_heXadie rearranged to 
c is -oCtadiefle as predicted for the four 
centre transition state (Figure 8(a).), rather than 
cis-- or tr_trans_2,6_OCtadieh1e as predicted 
for the six centre transition state. (Figure 9.) 
This is in agreement with the Woodward-Hoffmann 
theory59 which predicts that thermal [3,3]  siginatropic 
rearrangements which have suprafacial-SUPrafaclal 
transition state geometry should favour a chair-like 
transition state. 	Photochemical [3,3] s±gmatropic 
190 
(25) 




shifts which should proceed by way of a suprafacial-
antarafacial interaction of the two allyl systems in 
the transition state are not favoured and in fact 
no example of a concerted [3,3] photochemical 
migration is 
	60. 
Ring strain and electron delocalisatiOn in the 
allyl residue can act together to facilitate the 
reaction when the ring is in conjugation with the 
double bonds. 	Combined facilitation of reaction by 
two allyl residues and a cyclopropafle ring was 
investigated by Vogel et ai . 616263 	trans-1,2- 
DivinylcyclOpropafle (25.) yields 1.4-cycloheptadiefle 
at 190 0 by a Cope rearrangement. 	The reaction 
temperature is significantly lower than that for the 
unfacilitated. Cope rearrangement (300 0 .). 	Attempts 
to prepare 	_1,2_divinylcyc1OprOpafle (26.) led to 
l,L._cycloheptadiefle, the Cope rearrangement 
proceeding at temperatures as low as _400.6 	In 
spite of the speed of reaction, the structure of the 
products can only be explained in this instance by 
invoking a six centre transition state. 	The two 
vinyl groups in 1,2_divinylcYcloProPafle must adopt 
the sterically hindered cisoid conformation to 
undergo ring closure. 	If rotation to the transoi 
orientation is prevented by fixing the termini of 
the allyl systems in the cisoid conformation, e.g., 
by the incorporation of a bridge, the Cope 
rearrangement should be further accelerated. 






Such a compound is bicyclo[5,1,0]OCta -2 ,5 -
diene 	
64,65. 	Homotropilidefle 
shows an unusual consequence of a Cope rearrangement 
in a cyclic system in that it regenerates the 
startingrnaterial (only if the carbon or hydrogen 
atoms are labelled or if the molecule is substituted 
are the two interconvertin structures different). 
(Figure 10.). 	Variable temperature n.-.r. t'?.dies 
were used to show that the homotropilidene was in 
fact undergoing a fast reversible Cope rearrangement. 
At -50 0  the spectrum is well resolved but on heating 
to 20 0 becomes more aid more diffuse. 	On further 
raising of the temperature, a new spectrum is 
gradually formed and becomes well resolved at 180 ° . 
s 180° is the temperature required for the structures 
(27a.) and 27b.) to be interconverting so rapidly 
that the mean value of the resonance positions is 
observed, this reveals that a considerable activation 
energy is required to enable the thermodynamically 
favoured transoid conformer to attain the cisoia 
conformation which has the correct geometry for the 
Cope rearran,ement. (Figure II.) 
Proof of the cisoid transition state has been 
recently afforded 66 bY a study of the stereochemistry 
of 1,3,5,7_tetramethY1CYC10[5,1,0]0Ct 2 ,5_die 
during such a degenerate Cope rearrangement. 	As 
shown in the reaction scheme (Figure 12.), if the 
rearrangement were to proceed through a transoid. 
13 
HA HB Hc HD HAB HC  
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transition state HA would exchange with Mc and  MB 
with MD. 	However, using double reasonance techniques, 
exchange was observed between HA and MD  and also 
between H  and Mc, indicating a cisoid transition 
state. 
The degenerate Core rearrangement may be 
expected for the series bicyc1o[n-,-1,fl,O]di-2,fl+14-efleS 
and recently the next higher homologue of 
homotrOpiiidefle has been stuãieã. 6 	The n.m.r. 
soectrum of the parent i_bicyclO[6,2,0]deCa-2,6-
diene does not show averaged chemical shifts or 
temperature dependent absorption characteristic of 
a raoidly interconverting system. 	However, the 
occurrence of a reversible, structurally degenerate, 
Cope rearrangement at 165 0 was demonstrated using 
cis-4,5 9,9,10, 10-hexadeuterio-J-biCYClO [6,2, o] 
deca-2,6-diene. (Figure 13.) 	The observed 
stereochemistry, i.e. that the methylenic protons 
remain cis to the bridgehead protons, could only 
be rationalised by proposing the cisoid conformation, 
the ideal arrangement for the Cope rearrangement to 
occur with the least movement of atoms. 	The high 
temperature required for rearrangement reflects the 
non-bonded interactions involved in the transition state. 
Doering and Roth 
6L4. suggested that the Cope 
rearrangement of 3,4-hornotropi1idefle could be further 
accelerated if the,molecule were locked in the cisoid 
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C(4) and 0(8). 	(positions shown in Figures 10, and 
il.)* 	This was first accomolished 68 *by the formation 
of tricyc1o[3,3,1,0]nona_2,7_d1_9_01 (28.); the 
homotroi1idefle oart of which underwent an extremely 
fast, reversible, structurally degenerate, Cope 
rearrangement'. 	The Drotons in the n.m.r. sectr'3Jfl 
were observed to show averaged chemical shifts at 
temperatures as low as _600. 
A logical extension° Of bridged homotropilidefleS 
led to builvalene (29.) in which the bridge is 
ethylenic giving the molecule a 3-4fold axis of 
symmetry being composed of three homotropilidefle 
units. Each carbon atom can thus occupy any site in 
the molecule by a series of Cope rearrangements. 
Instead of only two possible 'isomers as in bridged 
homotropilidefleS, there are of the order of 1.2 x 
10  
possible combinations in bullvalefle. 	First 
synthesised by Doering and Klumpp, 69 bullvalene 
exhibits only one line in its nem.r. spectrum at 180 ° 
showing that the constantly shifting carbon atoms 
can occupy every position in the molecule. 	The rate 
of rearrangement is very fast, the protons in the 
* It has been D( )stulated 7  tnat the degenerate Cope 
rearrangement occuring in bicyclo[6,2,O]deca-2-6-diene  
would proceed very much faster if c(s) an c(9) and 
also c(L.) and c(io) were bridged. 
16 
n.m.r. spectrum showing averaged chemical shifts down 
to a temperature of _85 0 . 	This physical evidence is 
reinforced by the observation that during base 
catalysed deuterium exchange at 1600 the i.r. sDectrum 
shown C-D stretching vibrations in both olefinic and 
aliphatic areas and not the olefinic areas alone. 70 
Similarly, the base catalysed deuterium exchange 
of bullvalone71 (30.), the enolate ion of which 
-possesses the basic structure of bulivalene, exchanges 
the two hydrogens d to the carbonyl rapidly. 
Continuation of the treatment ultimately reDlaces all 
ten protons'by deuterium. 	Thus, the enolate ion of 
bulivalone is shown to undergo the same series of Cope 
rearrangements as builvalene itself and is further 
evidence that the carbon atoms in bullvalene can occupy 
every position in the molecule. 	The n.rn.r. spectrum 
of 'oullvalone itself is not temperature dependent. 
It was suggested69 t'nat the equilibrium, is dominated 
by the isomer possessing conjugation between the 
carbonyl and the cyclooropane ring. 
It would aooear that bullvalene represents the 





ElectrocycliC Reactions.- The initial interest in 
the systems we studied was to observe pericyclic 
reactions of unsaturated systems in which the double 
bond formed by the enolisation of a ketone is part 
of the unsaturated system. 	The eucarvofle system, 
(discussed in the Introduction) is such a system in 
which the double bond of the enolate ion is necessary 
for electrocyclic ring closure to the caradiene form. 
Of particular interest to us was the rate of 
interconversion of the two valence tautomers of the 
enolate ion and the position of equilibrium between 
the two. 	It was envisaged that direct observation 
of the anion of eucarvone by n.m.r. spectroscopy would 
reveal such information. 	It was also proposed that 
the rate of alkylation of the anion of eucarvone with 
respect to ring bridging could be determined by 
competitive alkylatiofl reactions, as it had been 
reported 72  that the monocyclic al1rlated product 
was formed to a small extent. 	The equilibrium 
concentrations of the two .valence tautomers might 
be mirrored in their alkylated products. 	The 
stereochemistry of the alkylation of the bicyclic 
anion was also open to question as it had been 
reDorted 9 (See Introduction) that alkylation of 
the enolate ion of eucarvofle occurred exclusively 



































The eucrvone (33.) used for this work was 
prepared by the method of Corey and Burke) 6 	This 
involved a two stage isomerisation of p-mentha-6,8- 
dien-2-one (carvone). 	p_Mentha6,8-diefle-2-0fle (31.) 
was converted to its monohydrobrOmide derivative (32.) 
by treatment with solution of hydrogen bromide in 
glacial acetic acid, and the monohydrobromide was then 
dehydrObrOmiflated using methanolic potassium hydroxide. 
This is a -particularly interesting reaction as it 
involves the reverse of the usual valence isomerisation 
between the enolate ions. 
A solution of the enolate ion of eucarvOfle for 
study by n.m.r. soectroscOpy was generated by the 
action of sodium hydride on eucarvofle under similar 
conditions to those used by Corey and Burke) 6 
The n.m.r. spectrum of the centrifuged solution of 
the enolate ion in dioxan had a singlet at 80.945 
( 6 protons) assigned to the c(6) gem dimethyl 
group and a singlet at 81.808 ( 3 protons) assigned 
to the C(2) methyl group. 	The remaining lines at 
65.858, 5.783, 5238, 5.168, 5.093, 3.209, 3.154, 
3093, 2.475 and 2.423 were approximately (reading 
from low to high field) doublet, triplet, triplet, 
doublet. 	Reasonably accurate coupling constants were 
difficult to determine from the above line separations 
and thus the computer programme LAOCOON with magnetic 
equivalence was employed to determine the chemical 
shifts and coupling constants more accurately. 
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Double irradiation studies enabled the computer 
predicted coupling to be confirmed. 	The remaining 
four protons were thus calculated to have the following 
chemical shifts 	5.821(3-H), 5.168(4-H), 3.152(5-H,) 
2.450(7-H) with coupling constants: J 3,U5•50 ' J4,5 6.56 
and J5,7 
 7.38  Hz. 	From the arrangement of the protons 
on the molecule it is reasonable to assign protons 
U-H and 5-H as the absorptions inorporatiflg more than 
one coupling constant. 	As the protons 5-H and 7-H do 
not apoear at the same chemical shift as the 1-H and 
6-H protons of 3_methylCar-14-efl-2-ofle (i.66) or at 
the same chemical shift as the 5-H of eucarvone (95.90), 
it is concluded that the isomerisatiOn of the valence 
bond tautomers of the enolate ion of eucarvone is 
fast on the n.m.r. time scale and consequently the 
spectrum is the average of the two forms shown in 
Figure 14. 	That the proton ci- to the oxygen should 
be at highest field is well documented.737475 
An estimate of the equilibrium concentration ratio 
was made from a consideration of the chemical shifts 
of the 5-H proton in eucarvone, the 6-H proton in 
3_methylcar_4-efl-20fle and the 5-H proton in the 
eucarvone enolate ions 	(The 7-H2 protons in eucarvone. 
the 1-H proton in 3_methylCar-4-efl2 0fle and the 7-H 
proton in the eucarvone enolate ion which could also 
have been used for the estimation were neglected as 
the effect of the adjacent delocalised charge on the 
chemical shift of the 7-H proton in the eucarvone 
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enolate ion was not predictable.) 	As these were at 
5.90, 1.66 and 3.15 respectively, it is obvious that 
the major component of the equilibrium mixture has the 
bicyclic enolate ion structure analogous to 3-methylcar-
4-en-2-one. 	Calculation using the equation 
Sm 
% bicyclic anion = 
( 	
+ 
where 	is the chemical shift of eucarvone 
is the chemical shift of methylcareflofle 
on is the chemical shift of the enolate ion 
showed that approximately 65% of the eucarvofle enolate 
ion mixture has the bicyclic structure and 35% has the 
monocyclic structure. 	The numbering used for the 
enolate ion of eucarvofle is the same as that used for the 
parent ketone. 
Observation of the n.m.r. spectrum of the enolate 
ion of eucarvofle at high temperature showed no change 
from the spectrum observed at normal temperature in 
dioxan. 	On changing the solvent to tetrabydrofuran 
the doublet and triplet at lowest field are available 
for observation at low temperature. 	The signals 
broadened with decreasing temperature until at _700 
the triplet had become a broad singlet and another 
broad singlet of intensity one third that of the 
original triplet appeared midway between the original 
doublet. - and triplet absorpti-OflS. 	At -90 0 the doublet 
had become a broad singlet also, and at -100 the 
9 
spectrum consisted of three broad singlets of similar 
intensity. 
Observation of the rest of the spectrum at similar 
temperatures was hoped to be accomplished using furan 
as solvent. 	However, complete conversion of eucarvone 
to its enolate ion was not accomplished upon reaction 
with sodium hydride at 80 ° during 12 hours under 30 lb/ 
sQ.ifl. pressure of nitrogen. 	A possible explanation 
is that the furan protons are acidic enough to enable 
the anion to be protonated. 	Hexarnethyld.iSilOXane was 
also used but was found to be unsuitable due to 
incomplete conversion of eucarvone to its enolate ion 
and the limited solubility of the generated anion in 
the solvent. 	As these same problems were encountered 
when di(t-butyl) ether was used as solvent it is 
presumed that both effects are caused by the low 
polarity of these solvents. 
Comretitive alkylatioflS were carried out on the 
eucarvofle enolate ion by treatment with methyl iodide. 
Methyl iodide was found to .be suitable as an alkylating 
agent because a) it gave easily separable and 
characteriSable products, b) it gave little side 
reaction especially O-methylatiofl (<3%), 	c) it did 
not react with sodium hydride, and a) it remained in 
the liauid phase in boiling dioxan (as described in the 
Experimental section.). 	Two types of experiment 
were carried out (See Experimental.). 	The methyl 
iodide was either present during the formation of the 
Me 












































eucarvone enolate ion (Type B experiment) or the 
methyl iodide was added to an equilibrated sample 
of the eucarvone enolate ion (Type A experiment) 
(Figure 15.). 	It was assumed that if the 
interconversion between the moriocyclic and bicyclic 
enolate ions was slow with respect to the rate of 
alkylation, Type B experiments would show a 
predominance of the monoalkylated, monocyclic ketone, 
and the monoalkylated, mono- and bicyclic ketone products 
of the Type A experiments would reflect the equilibrium 
concentrations of the enolate ions. 	However, as can 
be seen in the table of results (See Experimental), 
there is no significant difference in the results 
of the Type A and B experiments suggesting that ring 
bridging to the bicyclic form is very much faster than 
the rate of alkylation. 	The different ratios of 
reactants used, were chosen to ensure that any 
particular result achieved was not a concentration 
effect. 	The excess sodium hydride, when used, was 
to ensure the complete conversion of ketone to anion, 
while the excess methyl iodide used was to help trap 
the monocyclic anion better in Type B experiments. 
When excess eucarvone was used it was to help prevent 
the formation of significant proportions of (36.). It 
is not known if (36.) is derived from (34.) or (35.) 
or from both, and its formation would obscure the 
equilibrium concentrations of the enolate ions in 
Type A experiments. 	The equilibrium concentrations 
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of the enolate ions reflected in the proportions of 
(34.) and (35.) formed in Type A reactions where (36.) 
does not interfere is approximately 23:77 in favour 
of the bicyclic anion. 	As the equilibrium 
concentrations of the enolate ions calculated from 
the n.m.r. spectrum of the anion is 35:65 in favour 
of the bicyclic anion, this suggests that the 
bicyclic anion is more reactive to alkylatiofl than 
the monocycliC anion. 	This was suggested by Corey 
and Burke17 tO be due to the presence of the adjacent 
gem-dimethYl group in the monocycliC anion. 	The 
apparent poor reproducibility of the results 
appearing in the table is thought to be due to the 
inhomogefleitY of the reaction mixture since sodium 
hydride is insoluble in dioxan. 
The physical properties of the 3methylcar-4-
en-2-one (35.) obtained viz: 	urn) 1695 
(co) and 1017 (cyclopropane) cm. 	were in 
agreement with those quoted by Corey and Burke, 6 
and the n.m.r. spectrum was also in complete agreement 
with the proposed structure. 
The 	 ethylCyC1ohept 2,L-efl0fle 
(34.) 
had the excected physical properties viz: umax. 
(film) 1660(CO) crn. 	max. (EtOH ax(Et011 
304 run. (cf. 
eucarvone has Vnax(fi1rn) 1660 cm., and X max  
(EtOH) 303 nfl.) 	The n.m.r. spectrum was also in 
agreement with the proposed structure showing three 
olefiniC protons at S6.35(3-H) and 5.75 (Li.- and 5-H). 
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The proton d to the carbonyl appeared at S2.42 
as a quartet 	7,Me7.4. Hz.). 	The vinylic 2-methyl, 
the 7-methyl and the two 6-methyl groups absorbed at 
1.90, 1.05, 1.11, and 1.04 respectively. 
The 1,3_dimeth.Y].Car_)4-efl-2-One also had the 
expected physical properties viz: 	max.fim) 
1695(C=0) and 1016 (cyclopropane) cm. 	and a 
molecular weight of 178 (mass spectrum). 	The n.m0r. 
spectrum was identical to that of 3_methylcar-4-efl-2-
one except in that one of the cyclopropyl protons at 
£166 was absent and amethyl absorption at 81.29 
had appeared. The coupling of the olefinic protons 
4- and 5-1-i was also simplified. 
The small amount of 3_methyl_2_methOxyCar4-ene 
isolated had the expected physical constants viz: 
rnax.11m) 1140(0-0-C) and 1014 (cyclopropane) 
and a molecular weight of 180 (mass spectrum). 
The n.m.r. spectrum showed the two definic protons 
at S5.49, the 2-H proton at 83.47, the OMe at 
3.20, the two cyclopropYl protons at 105, and 
the four methyl groups at S 1.13, 107, 0.99 and 0.92. 
Low temperature methylation of the eucarvofle 
enolate ion at _116 0 in tetrahydrofurafl gave a 
significantly higher proportion (93%) of 3-methylcar-
4.-en-2-one in the product mixture. 	This also 
suggests that the methylated products do not reflect 
accurately the equilibrium concentration of the two 
enolate ions but that the bicyclic enolate ion is the 
more reactive species present, and especially so at 
by: temperatures. 
Alkylation of the eucarvone enolate ion with 
benzyl chloride yielded 3_benzylcar-4-efl-2-Ofle (37.), 
the physical properties of which iz: 	max. (film) 
1690(C=0 ) and 1006 (cyclopropane) cm. 	and Xm. 
(EtOH) 290 rim. (log E. 2.00) were identical with 
those quoted by Corey and Burke. 6 The molecular 
weight (240; mass spectrum) and the n.m.r. spectrum 
were in agreement with the proposed structure. 	The 
latter showed the five aromatic protons at 8 7.10, 
the olefinic proton 5-H at g5078 as two quartets, 
the X part of an ABX system, with 1- and 6-H as the 
AB part at 61.28. 	The other olefinic proton L.-H 
appeared at £5.38 as a doublet (J ,5l0 Hz.). 	The 
two doublets at 62.88 and 250 were assigned to the 
benzylic protons. 	The gem coupling was 13 Hz. 
The three singlets due to the three methyl groups 
appeared at £1.20, 1.11 and 0.99. 	Treatment of 
3_benzylcar-L,-en-2-ofle with sodium methoxide in 
deuteriomethaflol was very slow to exchange the 1-H. 
A reaction time of 528 hours at 68 0 was necessary 
for 82.1% exchange. 	It was hoped that this experiment 
would reveal whether (36.) was formed directly from 
(35.). 	The fact that this deuterium exchange was slow 
and that in Type A experiments the formation of (36.) 
must be fast, suggests that (36.) is probably formed 
from (34.). 	However, this evidence is not totally 
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reliable since the steric hindrance of the benzyl 
group, in addition to the strain Involved in the 
enolate ion (38.) at the c(i) position, could be 
obscuring the actual rate of deprotonation in the 
carenone system. 	The n.m.r. soectrimi of the 
deuteriated product (39.) showed the absence of the 
1-H absorption at S1.28 and revealed the coupling 
constant between the 5- and 6-H protons as L. Hz. 
The stereochemistry of the alkylation of the 
enolate ion of eucarvofle was studied by observing 
the chemical shifts of absorption due to the 0(7) 
gem-dimethYl groups and the cyclopropyl protons of 
(35.) and (37.) in four solvents extrapolated to 
infinite dilution. (Figure 16.). 	The four solvents 
chosen were carbon tetrachloride, benzene, [ 2H6 ]_ 
acetone and methanol. 	Carbon tetrachloride and 
benzene are solvents of low dielectric constant 
whereas acetone and methanol are solvents of high 
dielectric constant. 	It was envisaged that the 
higher dielectric constant solvents would counteract 
any intermolecular interactions by favouring an 
extended conformation. 	This work was initiated 
following assignments made-by Baldwin and Krueger 9 
for the methyl absorption in the n.rn.r. spectrum of 
3_metbylc&r-4-efl-2-Ofle, which shows four singlets at 
81.25, 1.07, 1.03 and 0.95. 	As a11y1atiOfl of 
eucarvone with trideuteriOlnethyl iodide gave 





























































alkylatiOfl of trideuteriorrlethyl-G,GdimethYl -
cycloheptadieflofle (Lo.) with methyl iodide gave 
3_methylcar-4-efl-2-Ofle with no signal at 	1.03, the 
n.m.r. signals with the smallest chemical shift 
difference are those at c(3). (Figure 17.). 	The 
signals at 1.07 and 1.03 were assigned to the 
endo- and exo-methyl groups, respectively by Baldwin 
and Krueger since the endo-methyl group lies near the 
plane of the carbonyl group. 49' 	These assignments 
are inconsistent with those made for 2,2_dimet4y1-4-
t_butylcyclohexaflOfle6 in which the absorption at 
highest field is assigned to the equatorial methyl 
group, which lies, nearest the plane of the carbonyl 
groun. Furthermore, if the assignments made by 
Baldwin and Krueger are correct, then alkylatiofl of 
the bicyclic anion must occur exclusively from the 
most sterically hindered face of the molecule. 	If 
alkylation with benzyl chloride occurred from the 
most hindered face of the anion then in structure 
(37.) the benzyl group would be cis to the 
cycloprOpafle ring, whereas if alkylatiOfl occurred 
from the least hindered face of the anion then in 
structure (37.) the benzyl group would be trans to 
the cyclo'oropane ring. 	Had alkylatiOn of the 
eucarvofle enolate ion occurred from the most hindered 
face of the molecule we would have expected that the 
phenyl group would shield the endo-methyl group at 
CM but in fact Figure 16. shows little or no such 
29 
effect. 	The observations in Figure 16. argue in 
favour of alkylatiQfl having occurred from the least 
hindered face of the molecule because only in this 
structure would the phenyl group be able to adopt a 
position in which it could shield the cyclopropane 
protons. 	This is in agreement with the observation 
that the methylene protons above the plane of the 
aromatic ring in paracyclophafleS show an uofield 
shift, relative to cyclohexafle, of 0.53, 0.80 and 
1.20 ppm. for [l2]_, [iO]_77'78and 191- 78. 
paracyclophafle respectively. 	Furthermore in this 
conformation the exo-methyl group at 0(7) is likely 
to be shielded but to a smaller extent as it is 
further removed from the shielding group. 	Following 
from Baldwin and Krueger's results the methyl groups 
at 0(7) are those with the largest chemical shift 
difference, i.e., 81.251 and 0.949 in cci. 	These 
are assigned to the exo- and endo-methyl groups 
respectively, since the endo-methyl group lies above 
the planes of both the double bond and the carbonyl 
group, and would therefore be most shielded. 	This 
is indeed the case since the methyl group at c(7) 
which has the largest upfield shift on passing from 
inethylCareflOfle to benzylcareflOfle is the one which 
absorbs at 81.251, the exo-methyl group at 0(7). 
That the shifts observed for (37.) are less than those 
found for paracyclophanes is to be expected as the 
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Alkylation of the eucarvone enolate ion with 
allyl bromide led to the formation of 3-prop-2'-en-l'- 
ylcar-4-en-2-one (L.i.) which showed the physical 	
S 
constants characteristic of a carenone derivative viz: 
max.u1m) 1667 (C=O) and 1014 (cyciopropanecm. 
The molecular weight (190: mass spectrum) and the n.m.r. 
spectrum were in complete agreement with the proposed 
structure. 	The latter showed two multiplets at 5.81 
and 5.38 assigned to the olefinic protons Lb-H and 5-H 
with J 10 Hz. 	The 5-H formed the X part of an ABX 
system, the A and B parts of which at 9 1 . 59 and 1.53 
were asigned to 6-H and 1-H absorptions respectively, 
with the following coupling constants; l 6 ' 
 
1,5 
35,6305 Hz. 	The multiplet arising from the 11-H 2 
absorption at £2.12 was coupled with the 2'-II 
absorption at 	5.53 (3112,8 Hz), and the two doublets 
at 95.00 and 4.86 were assigned to the terminal olefinic 
protons, 3'-H2 , as they appeared at the highest field 
of all the olefinic a'osorotions. 	The doublet at & 5.00 
was assigned to the 3'-H trans to the 2'-H as it shows 
only the gem coupling 3gem 0.7 Hz. 	The broad doublet 
at L4.86 was assigned to the 3'-H cis to the 2'-H since 
the cis coupling with the 2'-H is observed. 	2' ,6.5 
Hz.). 	The three methyl  singlets appeared at S1.22, 
1.00 and 0.94. 
An interesting feature of this molecule is that 
at 1500 , it undergoes a Cope rearrangement to give 
5-prop-2 '-en-i' -ylcar-3-en-2-ofle (42.). 	The reaction 
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was found to proceed. to completion in boiling nonane 
solvent after 2.5 hours. 	The reaction was monitored 
by observing the i.r. carbonyl absorption which changed 
from 1690 to 1655 cm.1(non_coniugated to conjugated 
carbonyl). 	The rearrangement also occurs in the 
injection block of the g.1.c. and thus the reaction 
could not be monitored by g.l.c. 	The reason for the 
reaction proceeding to completion instead of giving an 
-50:50 mixture of the starting material and the 
product is probably the relief of steric crowding at 
C(3) and the formation of a conjugated carbonyl. 	The 
Dhysical properties of the 5_prop_2'-efl-l'-YlCar -3 - efl-
2-one were in agreement with the proposed structure viz: 
11m) 1655 (c=o), 1016 (cyclopropane) cm.' max. 	 ; 
X max. (Et0H) 231 rim. (log £L.02). 	The mass spectrum 
showed that the molecular weight (190.) had been 
conserved in the reaction. 	The n.m.r. spectrum was 
also in agreement with the proposed structure. 	The 
multiplet at lowest field was assigned to the L.-H 
absorption at 	6.02 by virtue of its coupling to 
5-H ( 2.43) and 6-H (1.18) (J 52, J 62 Hz.) in 
addition to its coupling with the 3-methyl group 
(1.67, J4,14e 1 Hz). 	These couplings were confirmed 
by double irradiation studies. 	The 5-H multiplet 
was shown to be coupled with the 3-methyl also by 
double irradiation 5,Me5 
Hz.). 	The cyclopropyl 
Drotons were assigned as follows: 	the two doublets 
at 9 152 were assigned to the 1-H, following the 
32 
pattern of cyclopropyl absorptions in the carenone 
series that the absorotion adjacent to the carbonyl 
is at higher field, and the two doublets at 116 were 
assigned to the 6-H, these two signals together 
forming the AB Dart of an ABX soectrum, the multiplet 
at S 2.43, the 5-H absorption, beinr the X part 
(j1,67.5, J15105, J562Hz.). 
	The olefinic doublet 
at highest field was again assi ned to the 3 ' 11
2 
absorption at cS5.02 with Jgem2 Hz. 	The multiDlet at 
5.74 was assigned to the 2'-H absorption and the 
mUltiDlet at 2.29 to the l'-H2 absorption. The 
0(7) methyl groups appeared at 81017 and 103. 
Attempts to ring expand (42) by treatment with base 
using the method of Cocker79 were unsuccessful; only 
the starting material was recovered.. 	It had been 
hoped that the analogous 7-membered ring compound 
would be isolated, revealing a valence bond tautomerism 
to parallel that of (32.) - (33. in the preparation 
of eucarvone. 	The u.v. soectruin of a solution of 
5-prop-2 '-en-I '-ylcar-3-en -2-ofle in 1M ethanolic 
sodium ethoxtde solution was monitored for any change 
in the spectrum. 	If ring expansion to a seven 
membered ring ketone was occurring then the maximum 
should shift to 'i303 nm. 	This was observed to 
haDpen to a slight extent during the first 25 minutes 
but the a'Qsorotion at 310 nm. then decreased raDidly 




















The exocyclic double bond in 5-oroo-2'-efl-1'-
ylcar-3-en-2-ofle was selectively reduced usina, diimide 
8081 gener a ted from Dotassium aodicarbOXY1ate by the 
action of acetic acid. (Figure 19.). 	The generated 
5-orop-1 -y1car_3-en-2-0fle (which could also be 
obtained by hydrogenatOfl over platinum in methanol) 
was similar to 5_prop_2'_efl_1'Y1Car3en-20 	in 
physical properties viz: Vmax.
(film) 1660 (C=O) cm. 1 
The mass spectrum showed an increase of two in the 
molecular weight (192) and the n.m0r. spectrum was 
similar to that of 5_prop_2 1 _efl_1 1 _Ylcar-3e 2-01 
exceDt that the 1'1I2 and 2'-H 2. absorptions apeared 
as a broad multi1et at 	1025-1056 and the 3 1 -H3 
absorption aoDeared at 80.97 as a broad assyinetric 
triplet. 	2',Me6 Hz.) 
Ring expansion monitored by the U.V. spectrum 
was again attempted under the same conditions and 
with similar results as before. 	A control reaction 
with eucarvone behaved similarly and suggested that 
the reaction time was too long, but in view of this 
it is surprising that the base catalysed ring expansion 
using the technique of Cocker79 was unsuccessful as the 
reaction time was only 15 minutes in this case. 
3_Benzylcar-4-en-2-Ofle was subjected to the 
conditions required for the rearrangement of 3-prop-
2 1 _en_ylcar-11-efl-2-Ofle in the expectation that it might-
undergo an analogous rearrangement as shown in Figure 











(boiling decalin) resulted in complete thermal 
rearrangement of 3-benzylcar-14-en-2-one after 72 hours 
as monitored by g.l.c. 	The physical constants of the 
reaction product were irrconciliable with structure 
(43.) viz: Vmax (film) 1690 (C=O) and 1653 (C=C) cm. 
and Xm(EtOH) 208 ft 70,880), 282 rim. (E.6130), 
while the mass spectrum showed that the unknown product 
was isomeric with the starting ketone having a 
molecular weight of 240.151407 (C 5H200.). 	The structure 
(LiL.) was suggested by the n.m.r. spectrum of the product 
which showed the presence of two vinylic methyl singlets 
at 82.10 and 1.94. 	The five aromatic protons apoeared 
as a multiplet at 7.14 with the two olefinic protons 
4-H and 5-H at 5.66 and 6.55 respectively. 	The 5-H 
was assigned to the dovmfield olefinic absorption since 
it would be more deshielded by the isoprooylidefle grouD. 
The coupling constant between the two olefini.c protons 
was 10 Hz., while the olefinic coupling to the two 
allylic protons 3-H 2 at £2.33 was J 3 Li..25 and 4050 
and J351 0 25 and 1.75 Hz. 	The benzylic protons 
appeared at S2.80, J gem 11.- Hz., while the remaining 
methyl grouP appeared at 	1.03. 	Cornprison of the 
U.V. data obtained to the U.V. spectral data of model 
compounds (45. ) 82. and (1.4.6. )83.  suggested that the 
proposed structure (44.) was feasible. 	One would 
expect the reaction to go to completion as obse1ved 
as the product is ess strained due to the removal of the 
cyclopropyl group. 
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Chemical confirmation of structure (LL.) was 
attempted by reduction of the 2benzy1-2-metThy1-6-
± sonrotyli denecyclohex-b-en-lOfle with lithium 
tpj-t-'outoxy aluminium hydride. 	The use of lithium 
tri-t-butOXV aluminium hydride was employed to create 
some measure of stereoselectiVity in the reduction. 
The Droduct isolated was, nevertheless, a mixture of 
two eoimeric alcohols which was apparent from the 
Dairs of signals for some n.rn.r. absorotions. 	The 
five aromatic Drotons at S7.15, 
the olefinic protons Lb-H and 5-H at 95.60 and 630 
respectively with a counling constant of J 5l205 Hz. 
The hydroxyl absorbed at 9 3.97 and the two benzylic 
and two a.11ylic protons at 92•70 and 2.25 respectively, 
both with a J pem12'5 Hz. 	One of the vinylic methyls, 
i.e. that furthest removed from the hydroxyl grou 
absorbed as a singlet at S1.85 while the nearer methyl 
absorbed as two separate singlets at £1.78 and 1.75. 
The multiplet due to the 
1.  _H appeared at 91.10 while 
the 2-methyl group aopeared as two singlets at 90.96 
and 0.52. 	The U.V. absorption Xmax(EtOH) 242 rim. 
(lo.5.42) was characteristic of a conjuated diene 
as can be seen by comDariSofl with model compounds (47.) 
and (48.) 8 which have Xmax(EtOH) 243 (lo 	4. 10 ) 
and 2L114.5 rim. (lo.g.E_ 4.31) respectively. 	The i.r. 
s3ectrum was also in accordance with the proposed 
structure (49.) showing max.11m 3500 (0-H) and 
1607 (C=C) cm 1 	The molecular weight from the 
0 






















mass spectrum was 242. 
Attempted reoxidation of structure (LL.) using 
chromium trioxide/pyridine by the method of Poos 85 
was unsuccessful, mass spectrum analysis indicating 
that polymerisation had occurred. 
The rearrangement type was supported by the 
similar thermal rearrangement of 3_rnethylcar-4-efl-
2-one to 2, 2_dimetbyl_6_isOPr0PY1idefleCYcb0hee 
1-one (5o.). 	The physical constants again suported 
the assigned structure viz: ))max (film) 1690 (C=O) 
1630 (C=C) cm., X max.  (EtOM) 275 rim., and the 
molecular weight as measured by mass spectrum showed 
the product to be isomeric with the starting ketone. 
The n.m.r. spectrum showed the two triplets at £6.43 
and 5.58 assigned to the 5-H and Lb-H absorptions 
respectively with a coupling constant of J 5lO Hz. 
The olefinic protons also showed coupling constants of 
J 
5 
 1.5 and J Li. Hz. with the broadened doublet of3,4 
the 3-H absorption at 92.2. 	The two singlets of 
the vin,rlic methyl groups were observed at 2.03 and 
1.87 with a singlet assigned to the remaining two 
methyl groups at L.05. 
A possible mechanism for these reactions is by 
a 11, 51  hydrogen shift over one Tcbond and one 
cycloDroDafle single bond as shown in Figure 21. 
36 
EXPER TMENTAL 
N.m.r. spectra were determined usinr a Varian 
HA100 spectrometer ( 	in  
The .iiltraviolet spectra were determined using 
Unicam sP.800A anderkin Elmer 17 s nectrophotcmeters. 
Ultraviolet irradatiOflS were performed using a 
450W Hanovi.a medium pressure mercury arc lamp ecuippea 
with a pyrex filter. 
The infra red soectra were recorded on Unicam 
SP.200 and Perkin Elmer 237 spectrophotometers and the 
suffixes to the infraed bands quoted are as follows: 
(w), weak; (m), medium; (s), strong. 
.l.c. analyses were performed on a colunfl 
(50m. x 0.5 mm. i.d. capillary) coated with Apiezon L, 
Carbowax 20M or bis-2_methoxyethyl adioate using a 
Perkin Elmer P11 gas chromatograph (f.i.d.). 
Preparative 9.1.c. separations were performed on 
columns (20 or 7' x "  i.d.) packed as stated, using 
an Aerograph Autoprep A-700 gas chromatograph. 
Molecular weight determinations were performed 
on an ALL. S902 or on a Pye 104 gas chromatograph 
linked to an AEI. MS20 mass spectrometer. 
Computer programmes were run on IBM 360/50 and 
ICL 4/75 computers. 
Products were isolated by adding the reaction 
mixture to water, extracting twice with ether, washing 




solution and then water, and drying over anhydrous 
macmesium sulphate. 	The solution was then concentrated 
and curif led as appropriate. 	Dilute (23N- ) hydrochloric 
acid was substituted for saturated aaueous sodium 
bicarbonate solution shere the experiment was carried 
out under alkaline conditions. 
Melting points are uncorrected. 
1. 	Prep 	ion of Eucyp 	- Carvone (1509,1.0 0 
inol.) was added to a stirred solution of hydrogen bromide 
in glacial acetic acid (500 ml. of a 45% w/v solution, 
2.74 mol.) at 5 - 110 . 	The dark solution was poured 
Into water (1600 ml.), the lower layer separated and the 
aqueous layer extracted with ether. 	The combined 
organic layers were washed with water, saturated aqueous 
sodium bicarbonate solution until basic to litmus and 
finally more water. 	The dried (MgS0) ethereal solution 
was added to a well stirred solution of sodium hydroxide 
(116g.) in methanol (L.UO ml.) at 00 . 	When the addition 
was complete, the stirred suspension was heated under 
reflux during 15 minutes and was then poured into ice/ 
sulphuric acid. 	The yellow liquid, which separated was 
isolated with ether and the concentrated extract was 
steam distilled in the presence of barium carbonate 
(20g.). 	About 3 litres of distillate were collected 
from which the product was isolated with ether after 
saturating with sodium chloride. 	The crude product was 
distilled under reduced pressure to give eucarvone 
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(82g,55%), b. -p. 9597 0 at 20 mm. Hg. (lit) 6 ,82.5 - 
8L.° at 8 mm. Hg.),which was pure by g.1.c. (120 ° ; 
Apiezon L.) 	The eucarvone had X max. 	 lohexane 
298 rim. (F, 7400), X m 	tOH) 303 rim. (Z 6400), 
Vmax (film) 1660 and 1600 cm" 	(CCi) 6.37 (d,1H, 
394 
	Hz. further coupled to 2-Me), 5.90 br 
(d,lH,5-H,J 511 .5 Hz.) 5.68 (two d,lH,4-H,J 3 7.5 9  
J 5ll.5 Hz.), 2.54 br (s,2H,7-H 2 ), 1.86 br (s,3H, 
2-Me), and.1.02 (s,6H,6-Me2 ). 
(cf. more detailed analysis Ref. 12b.) 
2. 	N.M.R. Spectrum of the Anion of Eucarvone 
Eucarvone (1. Og, 0.0066 mol.) in dry dioxan (2 ml.) was 
added under nitrogen during 10 minutes to a stirred 
syspensiofl of sodium hydride (1.0g,0.04 mol.) in dioxan 
(5 ml.) and the mixture was heated under reflux during 
2h. 	After cooling to 20 0 , the mixture was centrifuged 
and the resultant solution transferred into an n.m.r. 
tube containing an external benzene lock. 
The anion of eucarvone had 	(dioxan) 5.821 ±0.001 
(d,1H,3-H,J35.501 ±0.168 Hz.) 5.168 ±0.001 ('t,1H, 
4-H,J 5 6.557 ±0.169,J 3 5.501 ±0.168 Hz.), 3.152 ±0.001 
('-t,lH,5-H,J577.377 tO.168,J 	6.557 ±0.169 Hz.),4,5 
2.450 ±0.001 (d,lH,7-H,J 577.377 ±0.168 Hz.), 1.808 (a, 
3H,2-Me), 0.945 (s,6H,6-Me 2 ). (Numbering as for 
eucarvone, chemical shifts and coupling constants 
determined using computer programme LAOCOON with magnetic 
equivalence where appropriate.) 
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3. j9n of Euparv 	- Eucarvone (0.159,0.001 
mol.) was added dronwise under nitrogen to a stirred 
susDension of sodium hydride (0.34g, 0 . 01 mol0) in dry 
dioxan (3 ml.), and the mixture was heated under reflux 
during 2h. 	After cooling to 20 ° , dry methyl iodide 
(0.38g,0.005 mol.) was added and the stirring continued 
during a further I.5h. 	The reaction mixture was 
quenched by pouring into an excess of glacial acetic acid 
in ether (100 ml.). 	The mixture was poured into brine 
(100 ml.) and the product was extracted with ether before 
isolation in the usual manner (Type B experiment.). 
Alternatively, the methyl iodide could be added to 
the stirred sustension before the eucarvone, the mixture 
in this case being heated under reflux during 3.5h. 
(Type A experiment.). 
Analysis of the product by g.l.c. (140
0 ;Apiezon L) 
showed a mixture consisting mainly of 3-methylcar-4-efl-
2-one ('75%) with smaller and variable amounts of 2,6,6, 
7_tetramethylcyclOhePta-2, L.-dienone, 1,3-dimethylcar-4-
en-2-one and methy1-2-niethOXY-Car-4-efle. 	The products 
were separated by preparative g.1.c. (15% Carbowax 20M 
at 120° ; 7 ft. x in.). 
The 3_methy1car-L--en-2-one had ')max.(film) 2910(s), 
2820(s), 1695(s), 1590(w), 1475(s), 1457(s), 1418(m), 
G.L.C. studies showed that 80 - 90% of the methyl iodide 
remained in the liquid phase during refluxing0 
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1380(s), 1362(m), 1335(s), 1295(m), 1219(m), 1175(s), 	- 
1160(s), 1127(s), 1097(m), 1043(m), 1017(0,970(w), 960(w), 
919(m), 898(s), 80(m), 802(m), 782(s),737(s), cm:', 
mass spectrum) 164, &(cci) 5.72(two q, li-I, 5-H, 
as the X part of an ABX system, J 510.0 Hz.), 5 0 48 
(d,1H,L-li,J 510.0 Hz.), 1.66 (m,2H,1- and 6-1 14 as the 
AB part of an ABX system, j 166.8,J5,6Li..0 and J150.8 
Hz.), 1.24, 1.06, 1.03 and 0.95 (four s,12H,3-Me 2  and 
7-Me 2 ). 
The 2,6,6,7_tetramethy1cYC1OhePta-2,4-d.iefl0ne had 
X 	(EtOH) 304 rim. (Cf.303 n.m. for eucarvone ref.46), 
\."inax.(film) 1660 cm 1 91 S(cci 2) 635 (m,1H,3-H), 5.75 
(m,2H,L.- and 5-H), 2.LL2 (tb1H7_FiJ7,Me7•4 Hz.) 1090 
(d,3H, 2-Me,J3 Mel-3 Hz.), 1.05 (a,1H,7-1,Ae,J7 Me7 	
Hz.), 
1.11 and 1.0 (two s,6H,6-Me 2 ). 
The 1,3_dimethy1car-4-efl-2-Ofle had Vmax. (film) 
1695 and 1016 cm;M (mass spectrum) 178, 	(cci) 5.72 
(two d,1H,5-H,J510.0,1563,6 Hz.), 5 0 48 (d,1H,4-H, 
J 4,5 10.0 Hz.), 1.66 (m,1H,6-H,J 5 63.6 Hz.), 129, 1.20, 
1.10, 1.04 and 0.83 (five s,15H,1-Me,3-Me2 and 7-Me 2 ). 
The 3_methyl_2-methOXYCar--efle had max.(fi1m) 
2998(s), 2920(s), 1730(w), 1700(w), 1665(m), 1480(m), 
iL60(m), 1415(w), 1385(m), 1370(m), 1320(w), 1220(w), 
1200(m), 1160(m), 1140(s), 1110(s), 1080(m), iOiL(w), 
995(w), 980(m), 975(w), 860(w), 830(w), 790(w), 735(s), 
660(w), cm ' , M (mass spectrum) 180, S(cci) 5.49 
(m,2H,4- and 5-H), 3.47 (t,1H,2-H), 3.20 (s,3H2OMe), 
1005 (m,2H,1- and 6-H), 1.13, 1.07, 0.99 and 0.92 
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(four s,12H,3-1fe 2 and 7-Me 2 ). 
Various molar ratios of eucarvone, sodium hydride 
and methyl iodide were used in both A and B type 
experiments to yield various ratios of products. 
These are summarised in the following Table: 




B 	B' 	M B B' 	M 
1 10 	20 	77.5 9.3 	13.2 77.2 15.4 
7.4 
2 1 	3 	75.5 	- 	24.5 82.5 
- 	175 
2 1 	5 	78.0 	1.0 	22.0 73.6 
1.6 	24.8 
1 10 	5 	78.0 	2.2 	19.8 71.0 13.5 	
15.5 
B 	= 3-methylear-4-en-2-one  
B' = 1,3_dimethYlCar-en 2-0  
M 	
= 
4. 	Low Tem-perature MethylatiOfl of Eucarvone - 
Eucarvofle (0.46g. 0.003 mol.) was added to g stirred 
suspension of sodium hydride (0.72g. 0.03 mol.) in dry 
tetrahydrOfUran (5 ml.) and the mixture heated under 
reflux during 3h. 	The resuJtafl sou..iwi 
to -116 0 .in an ether/liquid nitrogen slush 'oath and dry 
methyl iodide (1.159. 0.017 mol.) was added. 	
After 
leaving at -1160  for 3h. the bath was allowed to warm 
slowly to 20 0 and the reaction was then quenched by 
pouring into ether (100 ml.) containing glacial acetic 
43 
acid. (3 ml.). 	The product was isolated in the usual 
manner. 	Analysis by g.1.c. (140 0 ;Apiezon L) showed the 
product to be a mixture of three ketones, 3-methylcar-4-
en-2-one (93501 2,6, 6,7_tetramethylcycloheDta -2 ,L.-dieflOfle 
(6%) and 1,3-dimethylcar-4-efl-2-Ofle (1%). 
5. 	preparation of 3-Benzylcar-4-en-2-2fl - Eucarvone 
(5.9g,0.033 mol.) was added dropwise under nitrogen to a 
stirred suspension of sodium hydride (1.679,0.066 mol.) 
in dry dioxan (23m1 .) and the mixture was heated under 
reflux during 2h. After cooling to 20 ° , dry benzyl 
chloride (6.5g.0.05 mol.) was added and stirring was 
continued during a further 2h. 	The excess of sodium 
hydride was destroyed by careful addition of glacial 
acetic acid. 	The mixture was poured into brine (200 ml.) 
and the reaction was worked up in the usual manner. The 
3.-benzyicar-14-en-2-one (4.59,48%), b.p. 92 °-9L ° at 0.06 
mm. Hr. (lit) 6 ,ll7-ll9° at 1 mm. Hg.), had \1 max. (film) 
3040(m), 2950(s), 2890(m), 1690(s), 1608(w), 1588(w), 
1504(m), 1463(s), 142(m), 1388(m), 1379(m), 1338(m), 
1300(w), 1260(w), 1218(m), 1205(m), 1178(m), 1092(w), 
1080(w), 1040(m), 1006(s), 980(w), 970(w), 906(w), 888(w), 
83(w), 817(w), 800(w), 750(s), 738(s), 707(s), cm 
(1it. 6 ,1695,1611 and 100 cm 1 ), X max. (EtOH) 290 nm. 
(loge 2.00) lit. 6 ,290 nm.(iogE, 2.05) M (mass 
spectrum) 240, &cCi) 7.10 (m,5H,Ph), 5.78 (two q,lH, 
5-H as the X part of an ABX system,J 510.0 Hz.), 5.38 
(d,lH,4-H,J 510.0'Hz.), 2.88 and 2.50 (two d,2H,Ch2Ph, 
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g030 Hz.) 1.28 (m,21-I,l- and 6-H as the AB part of an 
ABX system), 1.20, 1.11 and 0.99 (three s, 3-Me and 7-Me 2 ). 
Deuterium Exchange of 3-1jenzv1car-4-fl-2-Qfl - 
3_Benzylcar-4-en-2-Ofle (0.239g, 0 . 001  mol.) was treated 
with sodium methoxide in [ 2H1]methanol [30 ml; from 
sodium (30 mg.) ]ünder reflux during the required period. 
Deuterium oxide (2.0 ml.) was added and the methanol was 
evaDorated. at 200 in vacuo. 	The product was isolated 
with pentane in the usual manner and distilled. 	It had 
(cci) 5.78 (two d,lH,L_H,J 510.0,15 614.0 Hz.) and 
1.28 (d,1H,6-H,J5624.0 Hz.). 	The deuteriated species 
present in the product, determined by mass spectrometry 
were as follows after 214 hr: [ 2H1 ], 171%, after 120 hr: 
2H ill 20.9%, after 528 hr: [ 2H1 ], 82.1%. 
Preparation of 3-ProD-2'-fl-l'- 	ar-i4-.fl-2-2L - 
Eucarvone (10.0g,0.066 mol.) was added dropwise under 
nitrogen to a stirred suspension of sodium hydride 
(3.314g,0.13 2  mol.) in dry dioxan (50 ml.), and the 
mixture was heated under reflux during 2h. After 
cooling to 20 
0 , dry allyl bromide (12.1g,00132 mol.) 
was added and stirring was continued during a further 2h. 
The excess of sodium hydride was destroyed by careful 
addition of glacial acetic acid, the mixture was poured 
into brine (250 ml.) and the product was isolated in the 
usual manner. 	The 3_prop_2'-efl-1 1 -YlCar-14-efl-20fle 
(8.09,70%), b.p. 60 0 at 0.3 mm. Hg. had umax. (film) 
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3080(w), 3010(m), 2970(s), 2880(m), 1687(s), 1660(m), 
1640(m), 170(m), 1)4-8(m), 1420(m), 1379(m), 1338(m), 
1218(m), 1195(m), 1125(w), 1100(w), 1014(s), 935(s), 
910(w),890(rn), 827(w), 818(w), 803(m), 795(w), 740(s), 
CM-1 , M (mass spectrum) 190, 	(cCi) 5.81 (m,1H,5-H, 
J 5 10,J5, 6305, 1,51  Hz.) 5.53 (m,1H,2'-H,J11  , 2 ,8 , 
0.5 Hz.), 5.38 (m,1H,Li--H,J 5 10 Hz.), 5.00 (d, 
1H,3'_tl 	gem  O07 
Hz.), 4.86 (d further split,1H, 
3T_H.flJ gem  0•7J2I,3TG•5 
Hz.) 2.12 (two superimposed 
a further split,2H,1'-H2,J1, 2,8 Hz.), 159 (two d,1H, 
6-H,J563.5 1 J1 67 
Hz.), 1.53 (two d,1H,1-H,J 1 67,J15 
1 Hz.), 1.22, 1.00. and 0.94 (three s,91-i,3-Me and 7-Me 2 ). 
8. 	N.M.R. Studies J3_Methr1car_L-e-i-2-Qilfl4 3- 
- 	3_Methy1car-4-efl-2-Ofle (0.l6Li-g, 
0.001 mol.) was placed inan n.m.r. tube and diluted 
successfully to 0.40, 0.65, 0.90, 1.15 and 140 ml. with 
the chosen solvent containing 5% T.M.S. 	After each 
dilution the n.m.r. sDectrurn was observed and the chemical 
shifts (in o.o.m. from T.M.S.) accurately measured for 
each methyl and cyclopropyl absorption. 	A graph was 
plotted of the chemical shift apainst concentration and 
extraDolated to find the chemical shift of each absorption 
at infinite dilution. 	This was done for the four 
solvents carbon tetrachloride, benzene, [ 2 H6 ]ac--tone 
and methanol. 	The procedure was repeated for 3- 
benzylcar-L1.-efl-2-ofle. 	A diagrammatic representation 
of these results is given in the Discussion section, 
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9. 	Thermal RearranementOf 3-Pr0D-2' -e-l' 
en-2-one. 	A. - A solution of 3_Droo-2'-en-]'-'71car-l-L-efl2 
one (1.9g, 0 . 01  mol.) in dry, redistilled nnane (b. -P. 
1490 ) was refluxed during 2.5h. 	During this period samples 
were taken to monitor the i.r. 0=0 absorotion; 	it was 
observed to change from 1690 to 1655 cm 1 . 	The 
rearrangement was also carried out in boiling decalin 
(b.p.190 0) during 15 minutes, and by passing through a 
glass tube (100 x 50 mm.) filled with antibumpiflg granules 
at 380° in a flow of nitrogen (15 ml. per minute), but 
these tended to give less clean products. 	A quantitative 
yield of 5_prop_2'_en_l1_YlCar-3-efl20fle was obtained 
which had Xmax. (Et0H) 231 nm. (logE 4.02), 'max. 
(film) 2950(m), 1655(s), 1467(w), 1390(m), ]260(w), 
1160(w), 1134(w), 1080(w), 1063(w), 1016(m), 938(m), 
crn, M (mass spectrum) 190, £(CCl) 6.20 br (m,1H,L.-H. 
Hz. further coupled to 6-H), 5.714 (m,IH, 
2'-H), 5.02 br (d,2H,31_TT2em2 Hz.), 2.143 (rn,1H,5-H, 
1562,J1,51057J5,e1•5HZ*) 2.29 (m,2H,1'-H2 ), 167 
(t,3H,3_Me,JLel,JSMel•S Hz.), 1.52 (two d,1H,1-H, 
1151.5,J1,67.5 Hz.), 1.18 br (two d,1H,6-H,J 1 67.5, 
J14,62 Hz.), 1.17 and 1.03 (two s,6H,7-e 2). 
10. 	AttemDted Ring Expansion of 
3-en-2-one - To an ice cold mixture of 5-prop-2'-en-l'-
ylcar-3-efl-2-Ofle (60 mg.) in ether (10 ml.) was added 
140% methanolic KOH (0.5 ml.). 	The mixture was stirred 
during 15 minutes, then neutralised with dilute HC1, and 
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the product was isolated in the usual manner. The product 
(Lo mg.) b.p. 60 0 at 0.1 mm. Hg, was identical to 5-prop-
2'' -en --3-en-2-ofle. 
	Increasing the reaction time 
to lh. gave the same results. 	The U.V. spectrum of 5- 
prop_2'_en-i'--YlCar-3-efl- 2-ofle in 1M ethanolic sodium 
ethoxide (002 g/ litre) was monitored for any change in 
the spectrum. 	Two maxima were detected; one at 238 nra. 
and another at 310 nra. which was found to increase up to 
25 minutes and then to decrease rapidly. 
ii. 	Selective Reduction of 5-PrQp-2'-efl-1'-ç-3- 
en-2-one - Acetic acid (30 mg. 0.005 mol.) was added 
under nitrogen to a stirred mixture of 5-prop-2'-efl-l'- 
ylcar-3-en-2-ofle (45 mg.,0.00025 mol.) and potassium 
azodicarboxYlate (100 gm.,0.0005 mol.) in ether (L ml.) 
during 36h. 	The reaction was monitored' by g.1.c. 
When the reaction ceased, the solid was filtered off and 
the product was isolated in the usual manner. 	The 
product which could also be obtained by hydrogenation over 
Diatinurn in methanol was identified as 5-prop-1'-ylCar-
3-en-2-one, b.p. L.5 0  at 0.05 mm. Hg., and shown to be pure 
byg.1.c. (150° ;Apiezon L). 	It had 	max.(fi1m) 1660 
cm., M (mass spectrum) 192, 	(cci) 6.20 (m,1H,Li.-1-t, 
Hz. further coupled to 6-H), 2.40 br 
(s,1H,5-H,J , 5105,J195 1.5,,J 5 ,e M 1.5 Hz.), 168 (t,3H,3-Me, 
Hz.), 1.25-1.50 (rn,5H,1-H,1'-H2 and 
2'-H2 ,1151.5,J1 67.5 Hz.), 1.19 (s,3H,7-Me), 1.17 br 
(d,1H,6-H,J 1 67.5 Hz.), 1.05 (8,3H,7-Me) and 0.97 br 
(assymetric t, t3'_H3J2 Me6 Hz.) 
Ring expansion was attempted in a similar manner 
and gave similar results to that of 5-prop-2'-en-1
1
-
ylcar-3-en-2-Ofle. 	Eucarvone (preoared as described 
earlier) was subjected to the same reaction conditions, 
e.g., 1M sodium ethoxide in ethanol. 	Again the U.V. 
absorption at 305 nm. slowly decreased with time. 
12. 	Thermal Rearran 	entof 3 -B n1car - -en-2 -one- 
A solution of 3_benzylcar-4-efl-2-Ofle in decalin (1:10) 
was refluxed under nitrogen at 190 0  during 72 hr. 	The 
reaction was monitored by g.l.c. 	The product, 2-benzyl- 
2_methyl_6_isonroflylideflecycloheenbne b.p. 110_115 0 
at 0.05 mm. Hg. was shown to' be -oure by g.l.c. (2000; 
Apiezon L) and had Xmax. (EtOH) 208 nm. (€.70,880), 
282 nni. (E.6130), Vmax. (film) 3060(m), 3000(m), 2950(s), 
1690(s), 1635(m) 1595(m), 1562(m), 1464(s), 1I50(m), 
1388(m), 1291(m), 1233(w), 1177(w), 1157(m), 1123(w), 
1180(m). l0)i2(w), 102(s), 1017(m), 997(w), 890(w), 
870(w), 818(w), 903(w), 790(w), 750(s), 710(s) cm, M 
(mass spectrum) 240.151-407 C 17H200), S (cci) 7.1L 
(m,5H,Ph), 6.55 (two t,IH,5-H,J351.25 nnd 1.75,J4,-, 10 
Hz.), 5.66 (two superimposed t,1H,4-H,J 3 4.25 and 4.50, 
10 Hz.), 2.80 (two d,2H,PhCH29J gem 14 Hz.), 2.23 br 
(rn,2H,3-H2,J351.25 and 1.75,J 3 4. 25 and 4.50 Hz.), 
2.30 br (s,3H,vinylic Me) 1.94 br (s,3H,vinylic Me), 
and 1.03 (s,3H,Me). 
13. 	Reduction of 
y1cbpy-?!-eflcfle - 	Lithium tri-t-butoxyaluminium hydride 
was prenared by adding t-butyl alcohol (2.75g. 0.028 mol.) 
to lithium aluminium hydride (0.359, 0.0092 mol.) in ether 
(10 ml.) under nitrogen and stirring during 3h. The 2- 
(200 mg., 
0.00084 mol.) was added to a suspension of lithium tri-t-
butoxyaturninium hydride (530 mg., 0.00165 mol.) In ether 
(10 ml.) under nitrogen and the mixture was stirred during 
3h. 	Water was then cautiously added, followed by a 
saturated aqueous solution of sodium potassium tartrate, 
and the product was isolated with ether in the usual 
mariner. 	The product, a white solid, was found to be 
unstable to g.1.c. conditions and to distillation at 
0.05 mm. Hg. 	The 2_benzyl_2_methyl_6_iSODropYuide - 
cyclohex-4-eriOl had > max. (EtOH) 242 nm. ( log5.2)4), 
\)max. (film) 3500(s), 3050(s), 2945(s), 1607(m), 1503(s), 
1461(s), 1382(s), 1283(w), 1224(w), 1078(m), 1020(s), 
810(w), 765(m), 752(s), 710(s), 675(m), cm', M (mass 
soectrum) 242, £(cci)4) 7.15 (rn,5H,Ph.), 6.30  hr (t,1H, 
5-H,J1  12.5 Hz.), 5.60 hr (m,1H,4-H,J45
12.5 Hz.) 3.97 
I., 
hr (s,1H 2 OH), 2.70 (two d2HPhCH2J gem  l2•S Hz.), 2.25 
(two d2H3_H2J gem l2•5 Hz.), 1.85 hr (s,3H,vinylic Me), 
1.78 and 1.75 (two s,3H,vinylic Me), 1.10 (m,1H,1-H), 
0.96 and 0.52 (two s,3H,3-Me). 
Attempted reoxidation using chromium trioxide and 
pyridine gave no volatile product; the mass spectrum 
showed peaks above 650, indicating polymerisation. 
0 
50 
14. 	Thermal Rearrangement of 3-Methy1 c -4- fl-2-2fl - 
The rearrangement was carried out as for 3-benzylcar-4-
en-2-one, purification being achieved by preDarative 
Carbowax 20M at uo° ; 7 ft. x * in.). 
The 2,2_dimethyl_6_iSOPrOPY1idefleCYc 10h_b01 
b.D. 82° at -10 mm. Hg., had Xmax. (t0H) 275 run. 
max. (film) 3000(w), 2920(s), 2880(s), 1690(s), 
1630(w), 1590(m), 1470(m), 1450(m), 1388(m), 1372(m), 
1340(w), 1288(m), 1230(w), 1140(m), 1126(w), 1023(s), 
998(s),874(W), 810(w), 799(w), 695(s), cm', M (mass 
spectrum) 164, 	(cci) 6.43 (two t,1H,5-H,J5 10 9 
1 3951.5 Hz.), 5.58 (two superimposed t,1H,14-H,J 510 9  
Hz.), 2.24 br 	 OJ3944 Hz.), 
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DISCUSSION 	 - 
Cope Rearrangement  of Cyclic Enol ate Ions. 	The 
electrocyCliC ring closure of enolate ions was extended 
to include the Cope rearrangement in cyclic systems. 
In particular, it appeared to us that the comDound 1,4 9 4- 
trjmethylbicyClo[5,19010Ct_5_efl_2_onte (51.), first 
reported by Corey and ChaykovskY, 86 may undergo a Cope 
rearrangement whilst in the enolate ion form in a manner 
analogous to homotropilidefle (27.), in spite of the 
severe non-bonded interactions between one of the 8_H2 
protons and one of the 4-methyl groups in the cisoid 
conformation necessary for the Cope rearrangement to 
take place. 
The 1,4,4_trimethYlbicYc10[5,190] 0ct_5 11_2 _ 0 
was generated by the method of Corey and Chaykovsky 86 
from eucarvone by the attack of the anion of 
trimethyloxosulphofliulfl iodide, in a Michael fashion, to 
the conjugated double bond forming the enolate ion which 
then expels dimethyl suiphoxide. 	The trimethyloxo- 
sulphonium ylide (52.), in general, adds to saturated 
carbonyl compounds to give cyclic ethers but in this 
instance appears to prefer the conjugated double bond 
of the carbonyl group. The other double bond is not 
attacked and we presume that this is because it is not 
conjugated to the same extent due to the distortion 
caused by being contained in a cyclic system and also 
to the greater steric shielding from attack afforded 
53 
The physical constants 
) are identical with those reported viz; 	max.(film) 1670 
(C=O) and 1000 (cyclopropane) cm -.
1 The molecular weight 
(164; mass spectrum) and n.m.r. spectrum are also in accord 
with the proposed structure. 	The n.m.r. spectrum showed 
two olefinic protons absorptions at 	5,66 and 5.33 
resoectively assigned to the 6-H and 5-H protons 
respectively. (15612 Hz.). 	The 6-H absorption was 
coupled to the 7-H cyclopropyl proton absorption at 
1q70 - 1.20 (J6 ,75.5 Hz.). 	The absorptions due to the 
8-H 2 protons were also at 91.70 - 1.20. 	The 5-H 
absorption was coupled to the 3-H proton at higher field 
S1.98 (3 3,52 Hz.) which was assigned to the 3-H proton 
lying above the plane of the carbonyl group which would 
be shielded in comparison with the 3-H proton lying in 
the plane of the carbonyl group. An example of this 
type of coupling is demonstrated by structure (53 .
) 87. 
which has a coupling J A of 0.8 - 0.9 Hz. 	This 
, 
assignment was verified by the observation that the 
3-H proton lying in the plane of the carbonyl group 
( 2.66) was coupled to the exo-methyl group at c(L.) 
(8 0.90). This is the well known coupling along the 
'W' path. 88. 	The gem coupling of the 3-H protons was 
12 Hz. and the remaining methyl groups appeared at cS 1.18 
and 1.02. 	In an attempt to further analyse the 
cyclopropyl proton absorption, the paramagnetic shift 
reagent, tris (dipivalomethanato)-europium (iii) complex 
was added. to a solution of the ketone in carbon 























tetrachloride (l:4 molar ratio) and the n.m.r. spectrum 
recorded. 	Simultaneous irradiation of the 6-H 
absorption at 65.66 collapsed the cyclopropyl multiplet 
to nine lines at 63.85, 3.79, 3.68, 3.61, 3.27, 3.25, 
3.20 and 3.18 of relative intensities 1:2:6:2:1:1:2:2:1. 
However, the absorptions remained too close together to 
affect the further double irradiation studies necessary 
to fully analyse the coupling. Deuterium exchange 
carried out by treating the ketone with sodium methoxide 
in deuteriOmethaflol during 20h. yielded 3,3-dideuteriO- 
1,4,4_tr1methYlbicYclO[5,190]0ct_5_en_2_01 	
the physical 
constants of which were in agreement with the proposed 
structure viz: -)Max. (film) 2240 and 2165 (C-D) cm., 
as were the molecular weight (166; mass spectrum) and 
the n.m.r. spectrum which showed the absence of the 3-H 2 
absorptions at 92.66 and 1.98 in addition to the 
simplified doublet at 95,33. 
The Cope rearrangement of 1,,4_trimethYlbiCYcO 
[5,1,0]oct-5-en-2-one was affected by generating the 
enolate ion with sodium hydride and subjecting this to a 
temperature of 101 0 (boiling dioxan) during 20h, After 
quenching with glacial acetic acid, the equilibrium 
concentration of the two products was found to be 3:2 
(This was later found to be incorrect suggesting 
incomplete conversion to the anion in this experiment.). 
The two ketones, which were inseparable, were reduced to 
the corresponding pLlcohols, using lithium tri-t-
butoxyalulflifliulfl hydride to ensure stereoselective 
55 
reduction and then seoarated by chromatography on alumina. 
a 
The alcohol of (54.) was eluted firs.t as the hydroxyl 
available for hydrogen bonding is sterically hindered by 
the 3 -  and 8- methyl groups. 	The alcohols were 
reoxidised to the corresponding ketones by treatment with 
6N chromic acid in ether.. The 3,8,8-trimethylbiCYClO 
[ ,i 3 O]oct_5_en- 2-one (54.) had physical properties 
consistent with the proposed structure viz; )max. (film) 
1710 (C=O) and 1005 (cyclopropane) cm7l The molecular 
weight (164; mass spectrum) and the n.m.r. spectrum were 
also in agreement with the proposed structure. 	The 
n.m.r. spectrum showed two olefinic absorptions at 5.74 
and 5.56 assigned to the 6-H and 5-H protons respectively. 
(J5, 611'57 Hz.) 	The 6-H proton was coupled to the 7-H 
cyclopropyl proton at *1.35 (J6 73.08 Hz.), to the 
protons at &2.36 and 1.80 (J ,60.88 and 1.53 Hz. 
respectively), and also to the end.o-C(8) methyl group at 




5.33 and 2.88 Hz.) and to the 7-H cyclopropyl 
proton (15,7 0.64  Hz.). 	(The endo-C(8) methyl group was 
assumed to be at lower field as it lies near the plane 
of the carbonyl group and is thus more likely to be 
deshielded.). 	The 3-H proton appeared as a complex 
multiplet at 82.90 as it was coupled to the 3-methyl 
group 	3,Me6"6 Hz.) at 60.98 and the Li.-11 2 protons 
(J ) L..29 and 10.71 Hz.). 	The coupling between the 3-H 
3, 
and 4-H2  protons enabled us to determine the stereo- 
chemistry at position 3. 	For the epimer with the 
56 
3-methyl group cis to the cyclopropafle ring, the dihedral 
angles between the 3-H and 4-H2 protons are 14.0 ° and 
800 
as measured from a Dreiding model. 	Fitting these 
measured angles to a Karplus curve 87 ' 89 ' 90 predicted 
coupling constants of approximately 4 and 0 Hz. 	However, 
the corresponding angles for the epimer with the 3-methyl 
group trans to the. cyclopropafle ring are 14.00 and 160 0 and 
coupling constants of approximately Li. and 9 Hz. are 
predicted by the Karplus equation. 	This is in fair 
agreement with the observed coupling constants. 	As the 
3-H proton is ' cis to the cycloprOpane ring and the 
coupling constant between it and the Li.-H proton at 
was 10.71 Hz., signifying a dihedral angle of 160 °
, the 
14.-H proton at £1.80 is trans to the cyclopropane ring. 
The L.-H2 protons had a gem coupling of 17.19 Hz., that 
cis to the cyclopropane ring at £2.36 being coupled to 
the cyclopropane proton at C(7) (J4,7 1.56 Hz.) in addition 
to the others already mentioned and, that trans to the 
cyclopropane ring at 81.80 was also coupled to the 
cyclopropane proton at c(7). (J497 1.53 Hz.). 	The 
cyclopropafle proton at c(7) (91.35) was coupled to the 
cyclopropane proton at c(i) (g1.62) (J1,78.78 Hz.) 	The 
exo-methyl group at c(8) appeared at 90.85. 	The 
chemical shifts and coupling constaiTta were calculated 
using the computer programme LAOCOON with magnetic 
equivalence. 91. The programme calculated the chemical 
shifts and coupling constants from very approximate 
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57 
studies and accurate line positions. 
	These are quoted 
A 
with errors in the experimental section to indicate the 
level of accuracy of the method, and not as absolute 
values for this compound as the exact concentration of 
the experimental sample was not known. The computer 
simulated and observed n.m.r. spectra as shown opposite. 
The 8-methyl groups were not included in the calculation 
and are not shown, and the J6,Me is absent also. 	It 
should be noted that the 1-H and 3-methyl group absorptions 
are off scale and that the 3-methyl group absorption is 
shown at half the sensitivity of the rest of the spectrum 
in order to make the rest of the calculated spectrum 
legible. 	Deuterium exchange experiments were also 
initially carried out on this compound in an effort to 
simplify the n.m.r. spectrum. 	However, exchange using 
sodium methoxide in deuteriomethanol gave rise to a 
mixture of two epimeric, deuteriated ketones which gave 
rise to pairing of some n.m.r. absorptions. 	This made 
the n.m.r. spectrum difficult to interpret and 
comparison with an undeuteriated, epimerised sample 
proved unhelpful. The absorptions assigned to the 3-
and 1-H protons were absent and the molecular weight 
showed an increase of two (166: mass spectrum). 
Earlier attempts at confirmation of the proposed 
structure were unsuccessful. Hydrogenation over 
palladium/Charcoal yielded 3,8,8_trimethYlbicYClo[5,1,01 
octan-2-one (5.) which had the expected physical 
constants viz: ')max.(film) 1698 (C=O) and 1010 
(cyc1onrotane) cm:' 	The mplecular weight (166: mass 
spectrum) and n.m.r. spectrum were in agreement with the 
proposed structure. 	The n.m.r. spectrum showed the 
complex multiplet of the 3-H absorption at 62.60 and 
the coupling with the 3-methyl group at 80.92 was 
readily observed. (J3,Me616 Hz.). 	One of the L-H 
protons absorbed at cc2.03 while the other 4-H proton 
and the 5- and 6-H 2  protons all absorbed in the region 
• 2.00 - 134. 	The cyclopropafle protons 1- and 7-H 
absorbed at £1.35 and 0.82 respectively. (J179 Hz.). 
The 8-methyl groups absorbed at £1.14 and 1.07. 
Treatment of the 3,8,8_trimethylbicYclo[591,0]octan_2_ 
one with sodium methoxide in deuteriOmethaf101 gave a 
product which had a molecular weight increase of two 
(168; mass spectrum) i.e., two exchangeable protons 
adjacent to the carbonyl group. 	In an effort to open 
the cyclopropafle ring the reaction time for the 
hydrogenation was extended to 168 hours. (The 
hydrogenation of 1,4,4_trimethYlbiCYCl 0 [5, ] , 0 ] 00 t'5 _ 
en-2-one is reported to give 2,2,6,6_tetramethyl-
cycloheptaflOfle and '3,8, 8_trimethYlCYCl000tandI1e in the 
ratio 3 : 1. 86 1). 	 After this time, a product mixture 
containing two components in the ratio 3:2 was obtained 
with molecular weights of 166 and 168 (mass spectrum) 
respectively. 	The major product was still (55.). 
Treatment of this product mixture with sodium methoxide 
in deuteriOrnethaf101 gave a two component mixture still 






























respectively. 	The compound which formed 409 of the 
h.ydrogenolySiS product mixture after 168 hours could be 
either (56.) or (57.) since these are the only possible 
structures derived from hydrogeflolYSiS of (55.) with a 
molecular weight of 168 which could give a molecular weight 
of 171 upon deuterium exchange. 	The 3,8,8_trimethylbicYClO 
[5,1,0]oct_5-en-2-one is more resistant to hydrogenolysiS 
of the cycloprOPafle ring because the latter is heavily 
substituted. 92 	The cycloprOPafle ring is less heavily 
substituted in the parent 1,I 4 ,4_trimethY1biCyC10[5,1,0 
oct-5-en-2-one. 
In order to isolate the cyclopropafle ring opened 
products, 3,8, 8_trimethYlbicYClO[ 5,1 9 0 ] oct_5fl_2_0  
was treated with lithium in liquid ammonia. 	After 
oxidation of the resulting product a mixture of two 
components, in the ratio 7:3 and both with a molecular 
weight of 168, was obtained. 	Treatment of this mixture 
with sodium methoxide in d.euteriomethaf101 yielded a two 
component mixture in the same ratio but both with a 
molecular weight of 171 (mass spectrum). 	For cyclopropyl 
ketones in which the carbonyl group has free rotation, eg. 
acetylcyclOprOPafles the cyclopropafle bond which is 
cleaved In a metal/ammonia reduction produces the most 
stable carbafliofl intermediate. 93 	However, in fused 
bicyclic systems where there is no free rotation of the 
carbonyl group, the main factor controlling the direction 
of ring opening is stereochemical i.e., the cyclopropyl 
















carbonyl group is cleaved. (+)- Carone (58.) thus gives 
only (-)- carvomenthones (59.) upon treatment with 
lithium in liquid ammonia, 9 	Molecular models would 
thus lead us to expect structure (57.) as the major 
product since in this system the C(l)-C(7) cyclopropane 
bond has best overlap with the p orbital of the carbonyl 
group. (This also leads to the most stable carbariiofl 
intermediate.) 	However, we cannot assume that structur.e 
(56.) is the minor component of the reaction, as 
epimerisatiOn of the methyl 01. to the carbonyl in either 
(56.) or (57.) would give a two component mixture 
satisfying the observed physical data. 
A solution of the anion of 1,4,4_trimethylbicYclo 
[5,1,0]oct_5_en-2-one for study by n.m.r. spectroscopy was 
generated by the action of sodium hydride on the ketone. 
The n.m.r. spectrum of the centrifuged solution of the 
enolate ion in d.iphenyl ether at 100 0 showed three 
absorptions assignd to the enolate ion of 1,4,4-
tr±methylbicYClO{5,1,0]0ct_5_&_2_0 	
(61.) viz; a 
doublet at 6.26 assigned to the 5-H proton, a triplet 
at c6.04 assigned to the 6-H proton and a singlet at 
8 4.88 assigned to the 3-H proton (it is reasonable to 
assign the singlet at S4.88 to the 3-H proton as it is 
the absorption least likely to be coupled and that the 
proton dk to the oxygen is at highest field is well 
documented 73,74,75.) and four absorptions assigned to the 
enolate ion of 3,8,8_trimethY1biCYC1059,1 , 0 I 0ct_52_ 



























5-H proton, a triDlet at E6.04 assigned to the 6-H oroton, 
a doublet at 63.82 assigned to one of the U-H protons, 
coupled to the other Lj--H proton at &2.64 gem6 Hz.), 
which in turn was coupled to the 5-H absorption jUS7 
Hz.). 
As the coupling between protons Li.- and 5-H was 7 Hz., the 
dihedral angle indicated by the Karplus equation 87,89,90.  
would be 100 indicating that the U-H proton at S 2.64 was 
that cis to the cyclopropane ring. 	Unassigned absorptions 
were also observed, viz; four singlets (= 3H each) at 
2.28, 1.97, 1.86 and 1.74 and a broad singlet ( 9H) at 
160. 	High temperature n.m.r. studies showed no sign 
of 'averaging' of the signals showing the interconversion 
of the anions to be slow relative to the eucarvone 
enolate ion. 	In addition double irradiation studies 
were used to confirm the above assignments. 	The 
equilibrium concentration ratio of anions was calculated 
from the integrated intensities of the 5-H proton in 
both structures. 	It was found to be 5:4 In favour of 
the anion of 3,8.8_trimetbylbicYC1o[5 9 1,0] 0Ct_5T 0n1 
The relative reactivity of the two protons o(to 
the carbonyl was of interest to us and thus we studied 
the rate of base catalysed deuterium exchange of the 3-H 
protons in 1,4,4_trimethYlbCYC 10 [ 5,],0 ] 0ct_5_2_0n1e  
by monitoring their n.m.r. absorption when treated with 
ootassiurfl t-butoxide in two solvents viz: [ 2H1 ]t-hutl 
alcohol and [ 21-16]dimethYl suiphoxide. 	In both solvents 
the cis 3-H (i.e. that cis to the cycloprOpafle ring and 
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62 
the fastest. As it had been renorted 95 that quenching 
the anion (65.) in { 2 H 6 ] dimethyl suiphoxide gave the 
exo-deuteriated product (66.) instead of the expected 
endo-deuteriated product (67.), it was surprising that 
both solvents here gave faster deuteriation in the cis 
or erdo-3-H position. 	However, in this molecule the 
severe steric interactions afforded by the c(i) and c(L) 
methyl grouDs make the caoture of deuterium easier from 
the less sterically hindered endo face of the molecule. 
As potassium t-butoxide is 4 a stronger base in dimethyl 
suiphoxide than in t-butyl alcohol it was expected that 
k1 9p k) and k 5 would be very much faster in dimethyl 
suiphoxide compared to t-butyl alcohol giving a faster 
overall rate of reaction. 	This was observed. 	It was 
interesting to note that the upfield shift of the trans 
3-H Droton when the cis 3-H proton was replaced by 
deuterium was larger by approximately 1 Hz. than the 
upfield shift of the cis 3-H proton when the trans 3-H 
proton was replaced by deuterium but this is not easily 
rationalised. 
In an attempt to explain the conflicting results 
obtained for the equilibrium concentration of isomers 
formed, we studied the ionisation of 1,4,4-trimethyl-
bicyclo[5,1,0]OCt_5-efl-2_one using sodium hydride and 
monitoring the ionisation by quenching the generated 
mixture of anions at various time intervals with [ 2H1 ] 
glacial acetic acid and analysing the product by mass 




















of anion was indicated by the amount [ 2H1 ] + 2[ 2H 2 ] species 
present and that the percentage of unionised ketone was 
indicated by the amount { 2 1 - { 21 species present we 
were able to calculate the amount of starting ketone formed 
from its anion and the amount of unreacted starting ketone 
as a function of time before quenching. 	Similarly, the 
amount of the isomeric ketone (3,8,8_trimethYlbicYclo[5,1,0] 
oct-5-en- 2-one formed from its anion and the amount of free 
ketone formed by some other process (e.g. by proton exchange 
between the anion of the isomeric ketone and unreacted 
starting ketone) could be calculated if we assumed a 
equilibrium concentration ratio of the anions of l,L.,Li.- and 
3,8,8_trimethylbicyclO[5,1,0]OCt_5-efl_ 2-one as indicated by 
n.m..r. studies on the anion. 	(The assumption that the 
equilibrium concentration ratio of the anions is 4:5 may not 
be as valid for short reaction times as it is for longer 
reaction times as the interconversion of the two enolate ion 
forms is slow). 
	
Time Total Total Startin 
 g Isome 	 D 
(mn.) Anion Ketone Ketone 	KetQii 	(%) (%) (%) (%) 
(E+F%) (A+D%) (A+B%) 	(c+D%) 
15 29.9 	70.1 	73.3 	26.7 	60.1'13.2 16.7 10.0 
30 71.9 	28.1 	50.3 	49.7 	18.3 32.0 40.0 9.7 
60 82.3 	17.7 	47.6 	52.4 	10.8 36.4 45.5 6.9 
100 82.6 	17.4 	47.1 	52.9 	10.7 36.4 45.5 7.4 
140 83.1 	16.9 	46.3 	53.7 	9,7 36.8 46.0 7,7 
ISo 79.2 	20.8 	44.6 	55.3 	9.4 35.2 UL$.O 11.3 
This treatment of the results (shown in the above table) 
614. 
reveals that some undeuteriated 3,8,8-trimeth.ylbicyc]o 
[5,1,0]oct--en-2-one Is formed. 	As. this could only be 
formed from the mixture of anions and should therefore 
only give a deuteriated product It was necessary, as 
mentioned above, to postulate a proton exchange mechanism 
whereby the anion F. is quenched by a molecule of A. 	To 
determine whether or not proton exchange was occurring 
between F. and A., a sample of the equilibrated mixture of 
anions was added to the starting ketone A. and the mixture 
monitored by g.l.c. during reflux. 	The results clearly 
show (see Experimental Section) that proton transfer 
between F. and A. occurs at a rate consistent with that 
required by the deuterium exchange experiments. 	The 
relative rate of ionisation of the two. ketones was 
determined by refluxing an equilibrium mixture of the 
ketones over sodium hydride and monitoring the unionised 
ketone mixture by g.l.c. 	The results show (See 
Experimental Section) that 1,4,4_trimethylbicYClo[5,1, 0 ] 
oct-s-en-one is the more easily ionised of the two ketones 
as was expected since 3,8,8_trimethylbicYClO[5,1,0]Oct_5_ 
en-2-one has only one easily replaceable proton whereas 
1,4,4_trimethylbicYCl0[5,1,0]0Ct_5__2_0 	has two. 
Alkylation of the enolate ion of 1,4,4-trimethyl -
bicyclo[5,1,0OCt_5-efl-2_0fle was carried out using methyl 
Iodide in the manner described for eucarvone, i.e, doing 
both type A reactions, where the alkylating agent was added 
after equilibration of the anions of the ketone and type B 























































generation of the anion. 	In this instance we have already 
seen from observation of the anion that interconversion of 
the two enolate ion forms is slow as expected because of 
the steric interactions in the cisoid conformation. 	Thus 
it was no surprise to find that the type B reaction gave 
only products with the original carbon skeleton, while in 
type A reactions the ratio of the products with the carbon 
skeletons of the parent ketones reflect quite accurately 
the previously determined equilibrium concentration ratio 
of the anion forms (as. shown in Figure 24.). 	This confirms 	
j 
that the rate of interconversion of the two anions Is slow 
with respect to alkylation of the enolate ion, the reverse 
of the situation that exists in the eucarvone system. 
The ratios of the cis- and the trans-1,3,Li.,4-tetralflethyl- 
bicyclo[5,1,0]oct-5-efl-2-ofle (69.) and(68.) respectively 
were found to be variable, the trans- isomer being formed 
at the beginning of the reaction but gradually disappearing 
in favour of the cis-isomer. 	The model of the enolate ion 
(Figure 25.) shows that for the trans-isomer to be formed 
fastest alkylation must take from the most sterically 
hindered face of the anion, again in contrast to eucarvone, 
to give the kinetically controlled trans-product which 
on further treatment with base or upon anion exchange 
eventually gives the thermodynamically controlled 
cis-product. 	The trans_1,3,4,4_tetramethYlbiCYClo[5,1,0] 
oct-5-en-2-one had physical properties consistent with the 
proposed structure viz; -)Max. (film) 1700 (c=o), 1020 
(cyclopropane) cm* The molecular weight (178; mass 
il 
Me 
snectrum) and n.rn.r, soectri -.m were also in agreement with the 
oronosed structure. 	The n.rn.r. spectrum showed two 
ahsorntions at 95.56 and 5.05 assigned to the 6-H and 5-H 
orotons resnectively. (J 5512 Hz.). 	The 6-H proton was 
coupled to the 7-H oroton at £1.20. (J 676.5 Hz.). 	The 
5-H proton was also coupled to the 7-H proton. (J 571 Hz.) 
The broadened quartet of the 3-H proton at 93.08 was due to 
counling with the 3-methyl group at 91.00 (j Me7 Hz.) 
further coupled to one of the Li-methyl groups at 90.84. 
The 8-H2 absorption appeared as a multiplet at 90.84 and the 
remaining methyl group absorbed at £1.25. 	The cis-1,3,),4- 
tetrainethylbicyclo[5,1,0]oct-5-en-2-one also had physical 
orooerties consistent withthe proposed structure viz: ) max. 
(film) 1670 (C=O) and 1020 (cyclopropane) cm:' The molecular 
weight (178; mass spectrum) and the n.m.r. spectrum were also 
in agreement with the pronosed structure. 	The n.m.r. 
soectrum showed two absorptions at £5.60 and 5.27 assigned 
to the 6-H and 5-H protons respectively.(J5 612.5  Hz.) 	Only 
the 6-H proton was further counled to the 7-H cyclooropyl 
oroton at 1.5 - 1.0 (16,75.5 Hz.). 	The 3-H proton at 
9.2.66 was coupled to the 3-methyl group at 90•89 as in 
the trans-isomer. p 3,Me7 Hz.) 	In addition to the 7-H, 
the 8-H2 cyclooropyl protons appeared as a complex 
multinlet at 91.50 - 1.00. 	The remaining three methyl 
groups appeared at 91•15, 0.92 and 0.68. 	The chemical 
evidence for the assignment of the cis- and the trans- 
isomers was supported by the physical evidence. 	As the 
3-methyl groun was shifted uofield in the cis-isomer as 
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comoared with the trans-isomer this shows that the 3-methyl 
group lies in the p]ane of the carbonyl group in the cis-
isomer Cf. the methyl absorption at highest field is 
assigned to the equatorial methyl group which lies nearest 
the plane of the carbonyl group in 2,2-dim ethyl -L--t-
butylcyclohexanone. 6 ' 	In addition, the studies on 1,4,4- 
trimethylbicyclO{5,1,0]oCt-5-en_2_One revealed that the 
enolisable 3-H proton trans to the cyclopropyl ring and 
identified from its coupling with 5-H olefinic proton is 
at higher field than the 3-H proton cis to the cyclopropyl 
ring and identified from its coupling with the 4-methyl 
group. 	This further supports the assignment for (68.) and 
(69.) since the 3-1i proton is at &3.08 in the trans-
isomer (68.) and at 92.66 in the cis-isomer (69.) showing 
the 3-H proton to be cis and trans respectively. 	The 
n.m.r. spectrum of 1,3,3,4,14_pentaxnethYlbicyClO[5,1,0]oct-. 
5-en-2-one (70.) showed two olefinic absorptions at S5.66 
and 5.04 assigned to the 6-H and 5-H protons respectively. 
(J 5,6]2 Hz.) 	The 6-H proton was coupled with the 7-H 
rroton at 80.84. (J6,7  4.5 Hz.) 	
The 8-H2 protons 
vpeared as a multiplet at £0.58 and five methyl group 
:orptions were visible at 91.37, 1.26, 1.02, 1.01 and 
fl.81. 	The n.m.r. spectrum of the 3,3,8,8-tetrametbyl- 
Dicyclo[5,1,O]oct-5-en-2-one (71.) 
showed an absorption 
cuivalent to two protons at £5.70 assigned to the 5- and 
6-H protons which were slightly coupled with the 4-H2 
otons at £2.56 and 1.84. 	The 4-H2 protons had a gem 














appeared at ccl.60 and l.)iO respectively (J 1,713 Hz.) and 
the 7-H proton was slightly coupled with the 5- and 6-H 
olefinic protons. 	The methyl groups absorbed at 1.20 
( 6 protons), 1.00 and 0.84. 
As well as observing valence isomerisation in the 
enolate ions of ketones we had also hoped to observe it in 
the corresponding hydrocarbons (73.) and (74.). 	1,4,4- 
TrimethylbicyclO15,1,0]OCt_5-efl_ 2 _Ofle was converted to the 
corresponding alcohol (72.) upon treatment with lithium 
aluminium hydride. 	Only one product was obtained, the 
physical properties of which were in agreement with the 
proposed structure viz; ' )max.(fi1m) 3300 (0-H) and 1003 
(cyclopropane) cm:' 	Treatment of this alcohol with 
phosphorus pentoxide/beflzefle or polyphosphoric acid yielded 
two isomeric dirnetbylisopropyibeflZefleS in the ratio of 2:1. 
The minor product was 1,2_dimetbyl-3-isOproPylbeflZefle. 	It 
had physical properties consistent with the proposed 
structure viz; V'max. (film) 795 and 720 (aromatic C-H) 
cm" (Cf. 'Vmax. (film) 775 and 719 cm:' for 1,2,3-
trimethylhenzene), Xmax. (hexane) 270 (E.237), 265 (E.280) 9, 
262 (E.279), and 258 nm. (E.266) [ Cr. Xmax. (hexane) 270 
(E. 178 ), 265 CE 215), 262 (E 222), and 257 nm. (Z. 198) for 
1,2,3-trimethylbeflZene. ] . 	The molecular weight (148; 
mass spectrum) and the n.m.r. spectrum were also in 
agreement with the proposed structure. 	The n.rn.r. spectrum 
showed three aromatic protons at S6.91 and the tertiary 
isoproyl proton at .S 3.14 which had a 7 Hz. coupling with 


























methyl groups absorbed at 92.21 and 2.17. 	In the 1,2- 
dimethyl-3-isopropylbenzene the aromatic methyl groups were 
chemically different in the n.m.r. spectrum indicating that 
the isoproDyl grouo was not in the 2-position. 	The major 
reaction product was a 1,2,4-dimethylisoproPylbenzene (75.). 
The position of the isopropyl group is unsnecified as there 
is no easy way of ascertaining its position. 	The 1,2,4- 
dimethylisopropylbenzene (75.) had physical properties which 
were in agreement with the proposed general structure viz: 
Vmax. (film) 820 (aromatic C-H) cm:' (Cf. 	max. (film) 
820 cm71 for 1,2,L-trimethylbenzene), Xmax. (hexane) 274 
(33), 266 (a37), and 263 nm. (352) [Cf. X max. (hexane) 
275 (E613), 267 (E6OLs.), and 263 rim. (E.Li.73) f or 1,2,4-
trimethylbenzene. . 	The molecular weight (148: mass 
spectrum) and the n.m.r. spectrum were also in agreement 
with the proposed general structure. 	The n.m.r. spectrum 
showed three aromatic protons at S 6.84, and the tertiary 
isopropyl proton was assigned to the multiplet at c2.78 
which was coupled to the two isopropyl methyl groups at 
120 	Hz.). 	The two aromatic methyl groups 
were assigned to the absorptions at S2.20 and 1.98. 
Attempts at dehydration of the alcohol in phosphorus 
oxychioride/pyridine and thionyl chloride/pyridine were 
unsuccessful. 
The alcohol (72.) was acetylated using acetic 
anhydride in pyridine and yielded two components in the 
ratio of 1:9 (g.l.c. analysis.). 	These two were probably 




















product of acetylation had the longer retention time on 
g.l.c. suggesting that this is the enimer with the less 
sterically hindered acetyl group as expected. 	The 
nhysica nronerties were in agreement with the proposed 
structures viz; 	')max. (film) 1735 (co), 1370 (c-o-c), 
and 1020 (cyclonronane) cm' 	The mixture of acetates 
(77.) and 78.) was pyrolysed over glass beads at a range of 
terirneratures 3145 - 14000. 	No change occurred in the acetate 
as analysed by g.l.c, until at 14000 when a number of 
nroducts were formed, but the major component of the 
reaction mixture was still the starting acetate. 	The 
acetate appears to be reluctant to lose acetic acid and when 
it does, the products formed appear to be thermally unstable. 
This is surprising as the reaction has been found to work 
for the corresponding acetate of builvalene (79•)96. 
	This 
acetate is more strained than our acetate and we would, 
therefore, have expected (79.) to be more reluctant to form 
the cyclic intermediate necessary for elimination of acetic 
acid. 
Knowing that a tertiary alcohol is usually more easily 
dehydrated than a secondary alcohol, the alcohol 1,2,14,14-
tetramethy1bicyc1o[5,1,0oCt_5_efl 201  (80.) was synthesised 
by the action of methyl magnesium iodide on 1,14,14-trimethyl-
bicyclo[5,1,0]0ct-5-efl-2-ofle. 	It had physical properties 
consistent with the proposed structure viz; 	max. (film) 
3500 (0-H) and 1000 (cyclopropane) cm" 	The n.m.r. was 
also in agreement with the proposed structure. 	The two 
absorptions at S  5,60 and 5.05 were assigned to the 6-H and 
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5-H protons respectively. (15612 Hz.). 	The 6-H Droton 
was further coucled with the 7-1-I cycloproDyl proton at 
£1.09 (j6,76.5 Hz.) while the 5-H proton was coupled with 
the 3-H 'proton at 62.62 (1 51 Hz.). 	The other 3-H 
proton appeared as a singlet at 62.65 while the two 8-H; 
cyclopronyl protons absorbed at SO.86 and 0.64. 	The 
four methyl groups anpeared as four singlets at £1.309 
1.23, 1.15 and 0.98. 	The cyclopropyl proton absorption 
was further resolved by the addition of the paramanetic 
shift reagent, tris (dipivalomethanato)-eurOPiUITI (iii) 
complex. 	A molar ratio of 6:1 of the alcohol to the 
europium complex was found to be the optimum. 	Simultaneous 
irradiation of the 6-H absorption showed the 7-H proton at 
92.46 to be coupled with the cis 8-H proton at 
(1 7,8 	
9.08 Hz.) and also with the trans 8-H proton at 
c2.25 (j7,8 trans5' Hz.). 	
The trans 8-H proton showed 
a gem coupling with the cis 8-H proton of -4.54 Hz. (Cis 
and trans refer here to the stereochemistry of the 8-H 
protons with respect to the 7-H cyclopropyl proton.). The 
chemical shifts and coupling constants were again 
calculated by means of the computer programme LAOCCON with 
marmetiC equivalence. 	These are quoted with the calculated 
rrors in the experimental section. 	These coupling 
(-.nstants compare favourably with those found for structure 
)97. 	The cis and trans coupling constants between HA 
were recorded as 8.7 and 5.5 Hz. respectively, which 
ri oo 	greement with our observed values (9.08 and 
pectve1y and those nredicted by the Karolus 
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eauat]on 	(8.2 and 6.4 Hz. resnect..ively). 	That the gem 
coupling in cycioprooanes lies between the extreme values of 
-0.5 and -9.1 Hz. is well documented. 87 ' 98 
Dehydration of the alcohol (80) was first attempted by 
the method of Doering 6 who dehydrated (82.) to methyl 
builvalene by heating to 320 0 . 	Three oroducts were obtained 
upon pyrolysis of 1,2.4,4_tetramethylbicyclo[5,1,01oct_5_efl_2_ 
ol only one of which could be isolated by nrenaratve i.l.c. 
The three products each had molecular weights of 162 
corresoondinc to the loss of water. 	The product isolated 
1,4,4_trimethyl_2_methYleflebiCYc10[5,1,0]0ct_5_e (83) had 
physical oroperties in agreement with the assigned structure 
viz: 	)max. (cci) 1650 (c=c) 1620 (C=C) and 1025 
(cyclopropane) cm: 	molecular weight (162; mass 
spectrum) and n.m.r. spectrum were also in agreement with 
the proposed structure. 	The n.m.r. soectrum showed two 
absorptions at 65.6L- and 4.92 assigned to the 6-H and 5-H 
olefinic protons respectively. (15612 Hz.). 	The 6-H 
proton was coupled with the 7-H cyclopropyl proton at 91.12 
(15,74.5 Hz.). 	The 5-H proton was further coupled with the 
3-H proton at 	2.14. 	The absorptions at £4.96 and 4065 
were assigned to the exocyclic methylene protons 	em2 Hz.), 
that at 94.65 being further coupled with the 3-H proton at 
The absorption at S 0.70 was assigned to the 8-H 2 
protons while those at S1.19, 0.94 and 0.92 were assigned 
to the methyl groups. Although the remaining two components 
of this dehydration mixture could not be separated, the 














of temnerature. 	Dehydration unon treatment with 
ohosnhoruS pentoxide/beflzefle, and polynhosnheric acid both 
yielded a 2:1 mixture of 1,2,4_trimeth7,rl_5_iSODrOP.Ylbeflzene 
(84.) and a 1,2,3.4_trimethv1iSOPrOPY1heflZefle (85.) 	The 
components were seprated and identified from the n.m.r. 
aromatic proton coup1inr,  constants. 	The 1,2,L-trimethYi- 
5_isopronylbeflzefle had rhysica]. properties consistent with 
the pronosed structure viz; ')max.(film) 885 (aromatic 
C-H) cm7 	The molecular weight (162; mass snectrum) and 
n.m.r. spectrum were also in agreement with the proposed 
structure. 	The n.m.r. spectrum showed two singlets 
assigned to two aromatic protons at 	6.83 and 6.74 (para.). 
The multiplet at &3.02 was assigned to the tertiary 
isopropyl proton which was coupledwith the isooropyl 
methyl grouos at g 1•17  (JH ,Me 
 7 Hz.). 	The three aromatic 
methyl groups absorbed at cr2.21, 2.17 and 2.13. 	The. 
1 , 2 , 3 , 4.trime thyliSOprOPYlbeflzene also had physical 
properties consistent with the proposed general structure 
viz; ' ) max. (film) 820 (aromatic C-H) cm" 	The 
molecular weight (162; mass spectrum) and. n.m.r. spectrum 
were also in agreement with the proposed general structure. 
The latter showed a pair of doublets assigned to the two 
aromatic protons at 	with an ortho counling constant of 
Hz. 	The multiplet at 	3.31 was assigned to the 
tertiary isooronyl proton which was coupled with the 
isopropyl methyl grouos at g117(JH,Me7 Hz.). 	Two of 
the aromatic methyl groups absorbed at g 2 . 20 and the other 
at 2.16. 
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The dehydration results in DolyohosPhoric acid and 
ohosnhorus pentoxide/benzefle are quite specific but not 
easily rationalised. 	The results do, however, surrgest 
Intermediates of the form (86.) and (87.) in which the 
shift of one of the methyl grouos in the gem-dimethyl 
grout can dictate the ratio of oroducts. 	(Figure 26.) 
It should be noted that the alternative possibilities for 
[86(a).] and [87(b).] do not fit into this scheme. 
Surmorting evidence for this sort of intermediate is 
aooarent in that the 2:1 ratio of products always favours 
the isomer in which the migrating methyl group is moving 
away from the isopropyl grouo in the intermediate thus 
minimising steric interactions. 	In addition, the ratio 
of products is the same for both systems as would be 
exoected since the same steric interaction is involved. 
Attempted dehydrations in phosphorus oxychloride/ 
Dyridine and thionyl chloride/pyridine were unsuccessful. 
In an attempt to synthesise a compound with the 
basic structure of homotrooilidefle, attempts were made to 
synthesise the enol acetate and methyl enol ether of 
1,,_trimethylbicYC1O[5,1,0]0Ct_5_e 2_ 0n1 
Quenching the equilibrated enolate Lon from 1,4,4-
trimethylbicyclO[5,190]0Ct_5_e2_0 	with acetyl chloride 
led to the isolation of the enol acetate of 3,8,8- 
tr ime thylbi cycl o[5,1,0]0Ct_52_0 	(88). 	The physical 
pronertieS were consistent with the proposed structure 

















sr)ectrum) and the n.m.r. snectrum were also in agreement 
with the proposed structure. 	The n.m.r. spectrum showed 
two absorptions in the olefinic region at 	5.72 and 5.54 
assigned to the 6-H and 5-H protons resoectively (J 5610.5 
Hz.). The 6-1-1 andy5-H protons were further coupled with 
the 7-H and 4-H 2 protons at 91.37, 3.30 and 2.16 
respectively. 	The gem coupling between the 4-H 2. protons 
was 17 Hz. 	The U-H proton at lower field was coupled to 
the 3-methyl group at 91.55 	UMe' Hz.) as also was the 
U-H proton at higher field 4Me1•5 Hz.). 	The methyl 
grouo absorption of the acetyl group appeared as a singlet 
at 62.05 and the 1-H proton appeared as a doublet at 
£1.68 (J178.5 Hz.). 	The remaining absorptions at £1.13 
and 0.92 were assigned to the gem-dimethy1 group at c(8). 
The study of the n.m.r. spectrum at high temperature 
revealed no 'averaging' or broadening of absorptions which 
might have indicated the presence of a rapid valence 
tautomenisatiofl. 	Only an unexplained, irreversible 
decrease in the intensity of the acetyl absorption at 
2.05 was observed. 
The nreoaratiofl of the methyl enol ether was 
attempted by quenching of a equilibrated mixture of the 
enolate ion of 1,4,4_trimethYlbiCYc10[5,1, 0
]
0ct_5 1_2..0 
,vith dimethyl sulphate. 	The two products obtained were 
_ ethoxy_3, 8 , 8_trimethY1biCyc b 0[5,1,0]0ct_5_1_2_0 	(89.) 
nd 2_methOXy_1,4,4_trimethYlb1cYcb0[5,1,00ct_5 	(90.) 
	
1! 
in the ratio of U:l. 	The 3_methoxy_3, 8 , 8-trimethYlbiCYClO 
I 5,1,0]oct_5_en-2-Ofle (89.) had physical properties 
rL 
consistent with the nronosed structure viz; 	max. (CC14) 
1710 (c=o), 1250 (0-0-C) and 1015 (cyclopropane) cm -.
1.  
The molecular weight (194: mass soectrum) and the n.rn.r. 
snectrum were also in areement with the proposed structure. 
The latter showed two absorptions in the olefinic region at 
5.70 and 5.0 assigned to the 6-H and 5-H protons 
respectively (J 5,611 Hz.). 	The 6-H proton was further 
couDled with the 7-H proton at S1.45 and the 5-H proton 
further coupled with the 4-H2 protons at 62.70 and 1.95 
and 4.5 Hz. respectively.) 	The gem coupling 
between the 4-H 2 protons was 15 Hz. 	The methoxy group 
auneared as a singlet at 93.22. 	The 1-H cyclopropyl 
proton absorbed at 91•70 and had a 9 Hz. coupling with 
the other cyclopropyl proton 7-1 1 at 	1.45. 	The three 
methyl group absorptions appeared at £1.20, 1.10 and 0.90. 
The 2_methoxy_1,4,4_trimethYlbiCYC10[5,1,0]0Ct'5_ 	(90.) 
also had physical properties consistent with the proposed 
structure viz; )max. (film) 1250 (c-o-c) and 1030 
(cyclonrooane) cm2" 	The molecular weight (180; mass 
spectrum) and the n.m.r. spectrum were also in agreement 
with the proposed structure. 	The n.m.r. snectrum showed 
two absorptions in the olefinic region at £5.36 and 4.90 
signed to the 6-H and 5-1-I protons respectively (15611 
6-H proton was coupled to the 7-H cyclopropyl 
ai 	O.74 (j6,72.5 Hz.). 	The 5-H proton was 
couoled to the 3-H and 7-H protons at 9 2 . 05 and 0.74 
resoective1y (1351.5, J5,71-5 Hz.). 	The methoxyl group 
nseared as a singlet at 	3.22. 	The 2-H proton was 
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assigned to the absorntion at 	2.74 which was coupled 
with 3-11 2DrotoflS at, 2.05 and 1.40 (Jrfem 	Hz.) with 
counlin7 constants' of 9 and 1.5 Hz. respectively. 	The 
8_H2 nroton absorotions apoesred at 0.74 and 0.23 
cern25 Hz.), the trans cyclonro'oyl -proton at 60.23 
being coupled with the 7-H nroton (J7,8 trans5 Hz.). 
(Trans here refers to the stereochemistry with respect 
to the 7-H proton.). 	The three methyl groups appeared 
as singlets at &1.00 (= 3 protons) and 0.96 (; 6 protons). 
The counling constants were confirmed by double irradiation 
studies. 	The coupling constants of 9 and 15 Hz. between 
the 2-1-1 and 3-H2  protons indicated dihedral angles of 175 
and 550 resoectively between the 2-H and 3-H 2 protons, 
showing the methoxyl group to be trans with respect to the 
cyclopropyl ring. 
EX PJR TMENTPJ 
For general details see Section I, experimental 
Dart (P.37.). 
1. 	Prenaration of 
2.86 	Dimethyl suiphoxide (96g,1.23 mol.) and methyl 
iodide (180 ml.) were mixed and allowed to remain at 20 ° 
during 14 days. 	The yellow solid which crystallised out 
was filtered off, washed with chloroform and dried over 
was trimethyloxosulphoniDrfl iodide m.n. 211 - 216 0 . 
Dimethyl suiphoxide (375 ml.) was added dropwise under 
nitrogen to a stirred mixture of sodium hydride (7.56g, 
0.315 mci.) and trimethyloxosuiphoflium iodide (69.39. 
0.315 mol.). When the evolution of hydrogen had subsided, 
eucarvone (45g,0.3 mol.) was added with cooling and the 
stirring was continued during 2h. at 200  and during a 
further lh. at 50 ° . 	The mixture was diluted with water 
11200 ml -1. and the product isolated with ether (2 x 500 ml.) 
in the usual manner to yield 1,4,4_trimethyrbicyc1o[5,1,0] 
oct-5-en-2-one (399,80%) b.n. 98% at 12 mm. Hg., which was 
shown to be pure by g.l.c. (120 ° , Apiezon L.) 	It had 
max. (film) 3350(w), 2970(s), 1670(s), 1460(s), 1430(w), 
1380(m), 1365(m), 1300(m), 1250(m), 1210(w), 1170(w) 1145(m), 
1100(m), 1085(w) 1065(m), 1025(w), 1000(w), 960(w), 910(m), 
850(s), 805(w), 755(m), 735(s), 715(w), cm, M (mass 
soectrum) 164, 	(cCi) 5.66 (two d,1H,6-H,J5612,J675.5 
Hz.), 5.33 (two d,1H,5-H,J5 612,J3 2 Hz.), 2.66 br 
II 
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(d,lH3_HJgem12 Hz. further coupled to Me at g0.90), 
1.98 (two  dp 1H3_HJ gem l 2 J 3, 52  Hz.), 1.70 - 1.20 (m, 
3H,7-H and 8-H 2 ), 1.18, 1.02 and 0.90 (three 3,9H,Me 3 ). 
dc1itions of quantities of the shift reagent, 
tris(diniva1omethanto)-eurOPium (ITT) complex 
(successively 3.5,7,14,28 and 56 mg.) to separate the 
c.yclooropyl absorptions was attempted. 	The optimum 
quantity of shift reagent required was 28 mg. (0.00003989 
mol.) for 41 mg. (0.00025 mol.) of the ketone. 
bimultaneous irradiation of the 6-H absorption collapsed 
the cyclopropyl multiplet to 9 lines at &3.85, 3.79, 3.76, 
3.68, 3.61, 3.27, 3.25, 3.20 and 3.18 of relative 
intensities 1:2:6:2:1:1:2:2:1. 
1,,4_TrimethYlbicYc1O[5,1,0]0Ct_5_en_20 	(0.164g. 
0.001 mol.) was added to a solution of sodium methoxide 
in [ 2Hl ] methanol (3 ml; from 30 mg.Na) and the mixture' 
was refluxed during 20h. 	The product was isolated by 
nourinp into [ 2H2 } water and isolating with pentane in the 
usual manner. 	The product 3,3-dideuterio-1,4,14- 
trimethylbicyclo[5,1 ,0]oct-5_en-2-ofle had two additional 
i.r. bands over the undeuteriated compound at -)Max. 
2240(w) and 2165(w) cm', M (mass' spectrum) 166, and an 
n.m.r. spectrum which showed the absence of the absorption 
at S2.66 and 1.98 in addition to the simplified doublet 
at S5.33. 
2. 	Frenaration of 3,8,8_rny1biCYClO[5,1,0]2-5- 
en-2--one - 	1,4,4_Trimethy1bicYC1O[5,1,0]0Ct-5-.efl-2-0ne 
(lOg,0.061 mol.) in dioxan (50 ml.) was added under nitrogen 
to a stirred suspension of sodium hydride (159,0. 6 25 mol.) 
in boiling dioxan (200 ml.). 	Refluxing and stirring were 
continued during 20h. 	The solution was then cooled to 20
0 
 
and poured into ether (1500 ml.) containing acetic acid 
(L40 ml.). 	The DrodUCt was isolated in the usual manner to 
give a mixture of two components in the ratio of 3:2 (as 
analysed by g.1.c. 120° ; Apiezon L: Carbowax 201.0. 	The 
major component was identified as starting material. 
The ketone mixture (159.0.09 mol.) was added clropwise 
to a stirred susDension of lithium aluminium hydride (14.LLg, 
0.38 mol.) and t-butyl alcohol (84g,1.14 mol.) in dry 
tetrahydrofuran (100 ml.) and the mixture stirred during 
20h. at 20° . 	Water (100 ml.) was cautiously added, 
followed by a saturated aqueous solution of sodium 
potassium tartrate (100 ml.), and the product was isolated 
in the usual manner. 	G.l.c. analysis (120 0 ;  Apiezon L: 
barbowax 20M) showed two components in the ratio 3:2. 	The 
alcohols were chromatograDhed on activated alumina using 
petroleum ether [40-60]/ether mixtures. 	The minor alcohol 
m.D. 43 - 	was eluted in the fractions containing 
50 - 100 ether. 
The minor alcohol (4.76g,0.029 mol.) was dissolved 
in ether (20 ml.) and treated with chromic acid (9.7 ml. of 
a 6N solution) with stirring at 20 0 during 2h. 	3,8,8- 
TrimethylbicYc1o[5,190]0ct_5_e2_0 	
(3.0g,63%) b.p. 980 
at 11 mm. 1-17. was isolated in the usual manner and shown to 
be pure by g.l.c. (120 0 ; Apiezon L). 	It had 	max. (film) 
2950(s), 1710(s), 1660(w),1460(m), 1435(w), 1420(w), 1375(m), 
1345(m), 1320(w), 1255(w), 1200(m), 1145(w), 1115(m), 1070(w), 
1005(w), 960(w), 905(w), 870(w), 850(w), 780(w), 690(w), 
665(w), cm. , M (mass spectrum) 164, 	(cC14
) 5.738)4±0.000)4 
br (d,lH,6_H,JL610 310 ±0.048 and 0.875 ±0.049, J 5611.570 
±0.043, 56,73.081 ±0.0)49 Hz. further coupled to Me at t 1.23), 
5.5607 ±0.0004 (two o,1H,5-HJ4 
 2.878 ±0.048 and 5.330 
±0.048, J5611.570 ±0.043, J597 
 0.637 ±0.048 Hz.), 2.9010 
±0.0003 (m,1H,3_H,J3Me6s634 ±0.026, J3,)417.195 ±0.042, 
J 3 4.292 ±0.043, J455-330 ± 	t40.0)48, 	60 . 875 ±0.049, J4,7 
1.563 ±0045 Hz.), 1:8026 ±0.0003 br (m, 1H,)4_H,Jgeml7 .l 95 
±0.042, J
3 )4
l0.710 ±0.0)4)4, J)4 2.878 ±0.048, 5)4  61 .310 
, 	 , 
±0.048, 5)4,71.531 ±0.0)4)4 Hz.), 1.6202 ±0.0003 (cl,lH,1-H, 
5l.78•781 ±0.042 Hz.), 1.3501 ±0.0003 br (m,1H,7-H,J 17 
8.781 ±0.042, J 71.563 ±0.045 and 1.531 ±00)4)4, J 5,7 
0.637 ±0.048, J673.081 ±0.0)49 Hz.) 1.23 (s,3H,8-Me further 
coupled to 6-H), 0.9816 ±0.0003 (d,3H,3_Me,J 3 M e6 s 63)4 
±0.026 Hz.), and 0.85 (s,3H,8-Me.) [ Chemical shifts and 
cou1ing constants determined using computer programme 
LAOCOON with magnetic equivalence where appropriate.] 
Deuterium exchange was carried out as previously 
described. 	Certaiti absorptions and couplings were removed 
from n.m.r. spectrum but epimerisation of the 3-Me made 
this difficult to detect. 	The absorptions at £2.90 and 
1.35 due to the 3- and 1-H absorptions were absent. 	M 
(mass sr,ectrurn) 166. 
The major alcohol (5.1659,0. 0 31 mol.) was oxidised 
in a similar manner using chromic acid (10.148 ml. of a 6N 
solution) to yield 1,14,)4_trimethylbicyclO[5,1,0]OCt_5_efl_ 
a-one (1.99.,3 6%) b.p. 98 0 at 11 mm. Hr. identical to an 
authentic sample. 
3. 	Hydrogenation of 1,4,4_jpiethYlbicYclo[5,1,0]9-5- 
en-2-one - 	1,14,14-TrimethylbicYclO[5,1,0]OCt_5_efl-20fle 
(0.01839, 0.0011 mol.) in methanol (2 ml.) was hydrocenated 
over 10% palladium charcoal (20 mg.). 14.63 ml. (2 mole 
equivalents) of hydrogen were taken UD. 	G-.l.c. analysis 
(120 0 , Apiezon L) showed two components in the ratio of 
3:1. (These are identified as 2,2,6,6-tetramethylcyClO -
heptanone .and 3,3,8-trimethylcyclOOctaflOfle respectively 
in R ef. 86.) 
).. 	 hydrogenation of 3,8,8_TrimviO[5,1,0] 0a$ -5 - 
en-2-one - 	3,8,8_TrimethyllDicYclo[5,1,0]OCt_5 -en-2-ofle 
(0.0165g, 0.001 mol.) was hydrogenated as above during 7 
days. 	3.0 ml. (1.14 mole equivalents) of hydrogen were 
taken un. 	G.1.c. analysis (120 0 ; Apiezon L) showed two 
comDonents in the ratio of 3:2. 	Analysis of the mixture 	by 
mass sDectrum at low e/v gave two parent ions at 166 and 168. 
The experiment was repeated but was discontinued 
after 2.1 ml. (1 mole equivalent) of hydrogen had been 
taken up. G.l.c. analysis showed only one product, the 
major component in the previous experiment. 	It had max. 
(film) 1698(s), 1260(s) and 1010(w) cm, M (mass spectrum) 
i66, 	(cci), 
 
2. 60 br (rn,lH,3_H,J3Me6•6 Hz.2.03 br 
(two t,lH,LH), 2.00 - 1.34 (m,5H,4-H95- and 6-H 2 ), d,1H, 
1-H 9-J179 Hz.), 1.14 (s,3H,8-Me),1.07 (s,3H,8-Me), 0.98 
(d.,3H.3-Me,J3 Me66 Hz.), and 0.82 (d,1H,7-H,J179 Hz.). 
Deuteri.um  exchange of the 3,8,8_trimettYlbiCYC10[5, 1 , 0 ] 
octan-2-one (by the method treviously described) gave one 
nroduct by g.1.c. analysis (120 0 ; Apiezon L) which had M 
(mass spectrum) 168. 
Similarly. deuterium exchange of the mixture obtained 
after hydrogenation during 7 days gave two products by g.l.c. 
analysis (1200 ; Apiezon L) which had M (mass spectrum) 168 
and 171 (minor component). 
5. 	Lithium-Liquid Ammonia Reduction of 3,8,8-TrirnethY- 
- 	3,8,8_TrirflethyibiCYclO 
[5,1,0]octan-2-one (0.159, 0.0009 rnol.) was added to lithium 
(0.049, 0.0027 mol.) dissolved in liquid ammonia (25 ml.). 
The mixture was stirred during 2h. and ammonium chloride was 
then added in portions until the blue colour disapeared. 
Ether (30 ml.) was added and the ammonia allowed to 
evaporate. 	The ether was washed with 2N HC1 and the 
product was isolated in the usual manner. 	The product 
consisted of four components as analysed by g.i.c. (1200; 
Apiezon L) in the ratio (in order of elution) 2:5:2:1. 
The products in ether were oxidised using an excess 
of 6N chromic acid to give a mixture of two comnonents in 
the ratio (in order of elution) 7:3.. The mass spectrum 
of the mixture at low e/v gave only one parent ion at 168. 
0 
The mixture Was subjected to deuterium exchange. 
using sodium methoxide in [ 2H1 ] methanol (in the manner 
previously described) and gave a mixture of two components 
as analysed by g.l.c. (120 0 ; Apiezon L) which had M (mass 
spectrum) 171. 
6. 	Preparation of the Anion of 1,4,4-TrimethylbiYc9 
[ 5,l,0]-5-fl-2--c2fl - 	1,4,14_TrimethYlbicYclO{5,1,0] 
oct-5--en-2-Ofle (1.64g, 0.01 mol.) was added to a stirred 
suspension of sodium hydride (2.4(T. 0.1 mol.) in boiling 
dioxan (5 ml.) under nitrogen. 	Refluxing and stirring 
was continued during 6h. and the mixture was then 
centrifuged under nitrogen and the n.m.r. snectrurn recorded 
using an external benzene lock. 	The n.m.r. spectrum had 
S(dioxan) 6.56 br (m,1H), 6.35 (d,1H), 6.10 br (t,1H,), 
2.62 (two d,lH), 2.30 br (s,3H), 2.01, 1.96 and 1.88 
(three s,9H), 2.66 (s superimposed on another signal, 9H), 
2.22 br (d,lH), and 0.77 br (d,1H). 
The experiment was reDeated using diphenyl ether as 
the solvent and the n.rn.r. spectrum was recorded at 1000 
using 200/350 silicon oil as an external lock. 	The n.m.r. 
spectrum had 	(dioheny1 ether) 6.26 (d,lFJ,5-H), 6.04 br 
(t,lI-I,6-H) and 4.88 (s,1T -r,3-H), and for the anion of 3,8,8- 
trimethy1bicyclo[5,1,0]0Ct_5_efl_2_0 	
6.42 br (m,1T-I,5-H, 
J 57 Hz.), 6.04 br (t,1T-t,6-H), 3.82 br (dlHL._HJ gem  1G 
Hz.), 2.64 (two d,1H_TJgem16 and J 57 Hz.), and 
unassigned signals at 2.28 (s,3H), 1.97 (s,3H), 1.86 (s,3H), 
and. .1.60 (s superimposed on another signal, 9H). 	The 
approximate ratio of the anion of 1,4,4-trimethylbicyc1O 
[ 5,l,0]oct-5 -en-2-ofle to the anion of 3,8,8-trimethyl-
bicyclo[5,1,0]oct_5_en-2_one from the integrated 
intensities of the n.m.r. absorptions was 4:5. 
7. 	Kinetic Study of the Deuterium Exchange of 1 9 4,4- 
TrimethyrbicyC1o[591,0]_5_22 	- 	1,4,4-Trimethyl- 
bicyclo[5,1,0]oct_5_en-2-one (0.164g, 0.001 mol.) was 
dissolved in a solution of potassium t-butoxide and [ 2H1 ] 
t-butyl alcohol (1.339, 0.018 mol. from 2 mg.K) and the 
exchange was monitored by observing the n.m.r. absorption 
of the enolisable protons; 	the cis proton at 92•75 and 
the trans proton at £2.05. 	(cis and trans here refer to 
the stereochemistry with.respect to the cyclopropyl ring). 
As the trans 3-H was replaced by a D a new absorption 
appeared at the position of absorption of the cis 3-H but 
moved 2.6 Hz. upfield.. 	Similarly, as the cis 3-H was 
replaced by D a new absorption appeared at the position 
of absorption of the trans 3-H but moved 1.46 Hz. upfield. 
Thus, as the reaction proceeded it was possible to 
measure the-extent of monodeuteriation at the cis and 
trans 3-H positions by integration of the absorption at 
8 2-75 and 2.05 by using a planirneter. 	The extent of 
reaction was measured by integrating the area of the 3-H 
absorptions relative to the area of the olefinic proton 
5-H. 	The amount of dideuteriatiOn was calculated by 
subtracting the amount of mono- and nondeuteriated species 
from the starting amount as given by 5-H. 	The results 
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are summarised below: 
S 
Time Extent of mono- mono- di- 
reaction deuteriated deuterlated deuteriated 
(mins) trans- cis- total % total % 
15 23.3 3.0 22.7 25.7 - 
30 35.3 3.8 31.6 34.5 - 
45 49.2 8.2 35.7 43 • 9 - 
60 51.9 12.1 44.1 56.2 - 
95 63.8 12.5 45.7 58.2 - 
130 68.7 13.6 52.8 66.4 - 
160 69.3 17.7 57.1 74.8 - 
380 79.2 18.6 49.8 68.4 10.8 
440 84.6 18.7 50.0 68.7 15.9 
500 87.2 16.1 42.3 58,4 28.8 
1520 92.8 13.2 33.4 46.4 46.2 
2975 94.0 14.5 28.0 42.5 51.5 
Repeating the reaction with a solution of 
Dotassluin t-butoxide and { 2H } dime tbylsuiphoxide 
(1.89g, 0.023 mol. from L. mg. potassium t-butoxide) 
gave the following series of results. 	In this case 
deuteriation at the trans 3-H position caused an 
upfield shift of 2.8 Hz.-at the cis absorption and 
deuteriation at the cis 3-H position caused an upfield 
shift of 1.8 Hz. at the trans 3-H absorption. 
87 
Time Extent of mono- 
reaction deuteriated 
(mins) trans- cis-% 
1 2.14 0.7 1.8 
5 32.1 2.5 6.7 
ii 148.8 3.14 114.9 
17 70.14 5.5 17.7 
23 87.9 6.3 19.0 
29 91.3 6.1 19.2 
35 100.0 5.5 114.3 
141 - 5.0 12.1 
147 - 3.4 8.8 
53 - 2.7 5.2 
mono di- 
d.euteriated deuteriated 











8. 	Kinetic Study of the Ionisation of 1,14,14- 
Trimethy1bicYc[591,0}Qt-5--2-2fl. - 	1,14,14- 
Trimethy1bic3rclO[5 1 1 1 0Oct-5-efl_2-0fle (1.614g, 0.01 mol.) 
was added to a suspension of sodium hydride (2.140g, 0.1 
mol.) in boiling dioxan (10 ml.) under nitrogen. 	At 
various time intervals, 1 ml. samples of the mixture were 
withdrawn, centrifuged to remove the sodium hydride and 
then poured into ether (20 ml.) containing [ 2H] glacial 
acetic acid (0.078g, 0.00125 mol.). 	The product Was 
isolated in the usual manner and analysed by mass spectrum 
and g.1.c. (150 0 , Apiezon L). 	The intensities of the 
parent ions were corrected for the contributions of P-i. 
P+1 and P.4-2 ions. 
UPLC 
Trimethylbicyclo 
[5,1,0]oct-5-en-2--one % - 
1,4,4- 	3,8,8- 
3.7 	73.3 	26.7 
64.9 3.5 50.3 49.7 
71.5 5.4 47.6 52.4 
71.8 5.4 147.1 52.9 
69.1 7.0 46.3 53.7 
65.8 6.7 44.6 55.3 
To determine the extent of anion exchange occurring 
during the reaction, a centrifued sample of the equilibrium 
mixture of anions (0.16)4g. 0.001 mol.) in dioxan was added 
to 1,4,4trirnethy1bic.yc1o[5,1,0}Oct-5-efl -2-Ofle (0.1059, 
0.0006 mol.) in dioxan (7 ml.). 	The mixture was analysed 
by g.l.c. (1)40 0 ; Apiezon L) at various time intervals during 
3h. under ref lux. 
Time 	Trimethylhic3rclo[5 ; 1 ,0]oct-5-en-2-one 
(mins.) 1,4,Li- 	 3,8,8- 
0 70.5 29.5 
30 56.0 44.0 
90 55.6 44.14 
180 60.1 39.9 
To observe the relative rates of ionisation of both 
ketones,. an equilibrium mixture of 1,4,4-trimethy1bicyc10 
[ 5,1,0]oct-5--en.-2-one and 3,8,8_trimethylbiCYclo[5,1,0]OCt-
5-en-2-one was prepared by refluxing in the presence of an 
excess of sodium hydride during 20h. and then quenching 
with glacial acetic acid In the usual mariner. 	This mixture 
Time 12ii 1% f 2H 






















was then added to an excess of sodium hydride in dioxan -t 
and the mixture analysed by g.l.c. (1L4.0 ° ; Apiezon L) at 
intervals during 3h. under ref lux. 
Time 	TrimethylhicYClO[5,1,0]OCt-5-efl_2_One 
(mins.) l,Li.,Li.- 	 3,8,8- 
	
0 	 43.0 	 57.0 
60 	 32.5 	 67.5 
120 	 29.1 	 70.9 
180 	 32.7 	 67.3 
9. 	Methylation of 
2-one using Methyl Iodide - 	1.4,4-TrimethylbiCYClO 
[5,1,0] oct-5-en -2-one (2.0g, 0.012 mol.) and methyl iodide 
(2.84g, 0.02 mol.) were added to sodium hydride (i.LiLg, 
0.06 mol.) in dioxan (12 ml.). 	The mixture was refluxed 
with stirring under nitrogen during 12h. 	The mixture was 
then poured into ether containing glacial acetic acid, and 
the product was isolated in the usual manner. 	G-.1.c. 
analysis of the product (120 0 ; Carbowax 20M) showed three 
components; trail_1,3,4,4_tetramethYlbicYC10{5,1,0]0ct_ 
5-en-2-one (47970), 	_1,3,4,4tetrarnethYlbiCYClo[5,1,00Ct- 
5-en-2-one (43%) and 1,3,3,44pe.ntamethYlbiCyC1O[5,1, 0 ] 00 t_ 
5-en-2-one (10%). 	These were separated by Dreparative 
g.1.c. (15% Carbowax at 125° ; 7ft. xin.) (Cis and trans 
here refer to the stereochemistry of the 3-methyl with 
respect to the cyclopropyl ring.). 	The trans-1,3,4,4- 
tetramethylbicyclo[5,190]OCt_5_efl_2_Ofle had )max. (film) 
2950(8) 9  1700(s), 1660(s), 1470(s), 1450(s), 1420(w), 
11 
1390(s), 1370(s),1300(W), 1210(w), 1180(w), 1140(m), 
1020(m), 910(w), 865(w), 790(w), 765(s), 735(s), cm, 
M (mass snectrum) 178, S(cCi) 5.56 (two d,1H,6-H,J5612, 
and J6,76.5 Hz.), 5.05 (two d,1H,5-H,J5 612,J5,7 1 -  Hz.), 
3.08 (q,1H,3_H,J37 Hz. further counled to 4-Me at 90.84), 
1.25 (s,3H,Me), 1.20 (m,1H,7-H,J676.5 and J 571 Hz.), 1.05 
(s,3H,Me), 1.00 (d3HJ3 Me7 Hz.), 0.8L. (s,3H,Lt-Me) and 
0.84 (m,2H,8-H 2 ). 	The cis_1,3,4,4_tetraInethY1biCYC1O 
[5,1 1 0]oct-5-en-- 2-one had Vmax. (film) 2950(s), 1670(s), 
1460(m), 1390(m), 1370(m), 1210(w), 1115(m), 1080(m), 
1045(m), 1020(w), 980(m), 920(w), 870(m), 765(m), 730(m), 
cm', M (mass spectrum) 178, (cCi,) 5.60 br (two d,1H, 
6-H,J5612.5,J6 75.5 Hz.), 5.27 (d,1H,5-H,J 5 612 .5 Hz.), 
2.66 (q,1H,3_hiJ3 Me7 Hz.), 1.50 -1.00 (m,3H,7 -  and 8-H2 , 
Hz.), 1.15 (s,3H,Me), 0.92 (s,3H,Me), 0.89 (d,3H, 
3-Me,J3 Me7 Hz.), arid. 0.68 (s,3H,Me). 	The n.m.r.snectrum 
of 1,3,3,4,4_pentamethY1bicYC 10 {5, 1 , 0 } 0 Ct_ 5 _ -2_ 0 
showed absorption at 	(cC14) 5.66 (two d,1H,6H,J5612, 
Hz.), 5.04 (d,11-r,5-H,J 5 612  Hz.), 0.84 (two d,1H, 
7-H,J674.5 Hz.), 0.58 (m,2H,8-H 2 ), 1.37, 1.26, 1.02 9 1.01 
and 0.81 (five s,15H,Me5). 	The molecular weight (mass 
spectrum) was 192. 
A pure sample of trans_1,3,4,4_tetramethylbtcYclo 
[5,1,0}oct-5-en-2 -one (6.178g, 0.001 mol.) was added to 
potassium t-butoxide (1.72 ml., 0.018 mol. from 3 mg.K) 
and the mixture stirred. during 30 minutes. The reaction 
was quenched by the addition of glacial acetic acid and the 
product was isolated in the usual mariner. G.1.c. analysis 
91 
(120 0 ; Carbowax 20M) and n.rn.r. indicated a mixture of 
trans- (55%) and cis-1 , 3,Lt,L_tetramethy1bicYc10[5,1,0] 
oct-5-en-2 -one (45%). 
10. 	Methy1tion of 1,4_TrirnethY1bicYc1o[5,1,0]2.- 
5-en-2-one by the Addition of Methyl Iodide to the 
Generated Anion - 	1 ,L,L._Trimethy1bicYC10[5,1 ,0}oct_ 
5-en-2-one (2.0g, 0.012 mol.) was added to a stirred 
susoension of sodium hydride (i.Li.Ltg, 0.06 mol.) in boiling 
dioxan (12 ml.) under nitrogen. 	After stirring the 
refluxing mixture during 24h., the mixture was cooled and 
methyl iodide (2.84g, 0.02 mol.) was added and stirring 
was continued during a further 30 minutes. 	The reaction 
mixture was poured into ether containing glacial acetic 
acid and the product was isolated in the usual manner. 
&.1.c. analysis of the product mixture (150 ° ; Apiezon L) 
indicated the following products; 1,4,4-trimetby 1-2-
rnethoxybicyclo[5,1,0]0Ct-5-ene (2.4%), 1,4,4-trimethyl- 
bicyclo[5,1,0]oct-5 - en-2-Ofle (2.7%), 	3,3,8,8-tetra- 
methylbicyclo[5,1,0]oCt -5 -en-2_Ofle (53.8), 	trans- 
1,3,4,4_tetramethYlbicYcl0[5,1,0]0Ct-efl_2_0fle (33.2%), 
s_1,3,L,4_tetramethy1bicYcl0[5,1,0] 0Ct_5_er1 _ 2 _0fle (7.4%), 
and 1,3,3,,4_pentamethY1hicYCl0[5,1,0]0Ct_5_1_2_0 	(0.5%). 
These were separated by preparative g.1.c. (30% SE30 at 
120° ; 7 ft. x 4 in.). 	The l,Li,L4-trimethY1-2-meth0xY- 
bicyclo{5,1,00Ct-5-ene had )max. (film) 2933(s), 1720(w), 
1685(w), 1654(w), 1460(m), 1425(w), 1383(w), 1363(w), 
1290(w), 1250(s), 1210(w), 1151(m), 1104(s), 1030(w), 
ki 
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997(w), 997(w), 912(s), 865(s), 700(m), cm. , M (mass 
spectrum) 180, 	(cci) 5.36 (two d,1H,6-H,J5611,J67 	- 
2.5 Hz.), 4.90 (two t,1H,5-H,J 611,J 	1.5 and J 
_1 	 3,5 	 _1, 
1.5 Hz.) 3.22 (s,3H,014e), 2.74 (two d,1H,2-H,J 23105 and 
9 Hz.), 2.05 (two dlH3_HJgemi3•5J 2, 39 Hz.), 1.40 
(two t,1H,3-H,J em13"5'2 31.5 and J3 51.5 Hz.), 1.00 
(s,3H,Me), 0.96 (s,6H,Me2 ), 0.74 (m,211,7-H and 8'gem 
2.5,J571.5,J6 72 .5 and J 7,8 trans5 Hz.), and 0.23 
(m,lH,8_H,Jg2.5,J7 	trans 	
Hz.). 	The ri.m.r. snectrurn 
of the 3,3,8,8 - tetramethylbicyclo[5,1,0]oct-5-en-2-one 
showed absorption at S(cci,) 5.70 (m,2H,5- and 6-H further 
coupled to 14-H2 )
9 
 2.56 br (d1H4_HJgeml3•5 Hz.), 1.814 br 
(d1H14_HJgeml3s5 Hz.) 1.60 (d,1H,1-H,J1713 Hz.), 1.140 br 
(a,1H,7-H,J1 713 Hz. further coupled to 5- and 6-H), 1.20 
(s,6H,Me 2 )
1 
 1.00 and 0.814 (two s,6H,Me2 ) M (mass spectrum) 
178. 
The above experiment was repeated but using methyl 
p-toluene sulphonat as alkylating agent. This gave a 
58.14% yield of the mixture of previously characterised 
products. 	A large number of other products which were not 
char 5 cterised were formed. 	G.l.c. analysis (1500; Apiezon 
L) indicated that the mixture of previously characterised 
oroducts was comprised of 3,3,8,8_tetramethYlbicYc1O[5,1,0 
oct-5-en- 2-one (60.6%), trap-1,3,14,14-tetramethy1bicyc10 
[5,1,0]oct-5-en-2-one (22.85o), cis-1,3,14,14-tetramethyl-




11. 	pydrationof 1, Li., -Trimethibiycio[5, 1, 0}oet_ 
5-en-2-ni - 	1,4,4_Trimeth.ylbicyclo[5,1,0]0ct_5-en_2_ 
one (5, 0.03 mol.) in ether (200 ml.) was added to lithium 
aluminium hydride (1.339, 0.35 mol.) in ether (240 ml.) and 
the mixture was refluxed during 3h. Water was then 
cautiously added at 200,  followed by a saturated aqueous 
solution of sodium potassium tartrate (100 ml.). 	The 
1,4,4_trimeth.ylhicyclo[5,1,0]oct_5_en_2_ol m.p. 38-45 0 
was isolated in the usual manner and shovm to be pure by 
g.1.c. (120 0 ; Aplezon L). 	It had ,)max. (film) 3300(s), 
3050(m), 2940(s), 1643(w), 1472(s), 1455(s), 1420(m), 
1380(m), 1362(m), 1345(m), 1305(w), 1260(m), 1233(w), 
1205(w), 1168(m), 1140(m), 1100(s), 1090(m), 1073(s), 
101.2(s), 1003(m), 966(w), 941(m), 919(m), 898(m), 872(w), 
815(w), 778(s), 757(s), 755(m), 716(m), 690(m) cm 
The alcohol (0.1599, 0.0009 mol.) in benzene (2 ml.) 
was added dropwise to phosphorus pentoxide (0.6g.) and the 
mixture refluxed during Lih. 	Toe was then added and the 
mixture shaken until homogeneous. After basifying with 
concentrated ammonia solution, the product was Isolated in 
the usual mariner. 	G.1.c. analysis of the product mixture 
showed two components in the ratio of 2:1. 	The mixture 
was separated by chromatography on 10% silver nitrate/ 
silica gel which had been activated at 105
0  during 12h. 
The eluent was pentane. 	The major component, which was 
eluted first, was identified as a 1,2,4-dimethylisopropyl-
benzene which had Xmax. (hexane) 271. (€1.33), 266 (€1.37). 
and 263 nm. (6 352) [or. 1,2,4-trimethylbeyizene Xmax. 
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(hexane) 275 (€613), 267 (E 604) and 263 rim . (E.L4.73) ] 
\rnax. (fi],m) 29 20 (s), 1605(m) 1500(m), 1460(m), 1387(m), 
1360(w), 1330(w), 1260(w), 1170(w), 1080(w), 1060(w), 
1020(w), 1000(w), 890(m), 820(s), 712(w) cm" [cf.1,2,4-
trimethylbenzefle ')max. (film) 2920(s), 1615(w), 1513(s), 
1460(s), 1390(m), 1265(m), 1218(w), 1160(w), 1130(w), 
1110(m), 1030(m), 890(m), 820(s), 712(w) cm 1 1, M (mass 
spectrum) 148, 9(CC1)1 6.84 (m,3H), 2.78 (m,lH,Me, 
H,Me7 Hz.), 2.20 (s,3H,aromatic Me), 1.98 (s,3H aromatic 
Me), 1.20 (d,6H12CHJHMe7 Hz.). 	The minor component 
1,2_d.imethyl_3_iSOPrOPYlbenZefle had Xmax. (hexane) 270 
(E 237), 265 (E 280), 262 (E. 279) and 258 run. (E. 266). 
[Cf. 1,2,3-trimethylbeflZefle Xmax. (hexane) 270 (€178), 
265 (. 215), 262 (€222) and 257 run., (F-198)] , \)max. 
(film) 2980(s), 1595(w), 1480(m), 1396(m), 1376(m), 
1350(w), 1268(w), 1050(m), 1035(w), 1009(w), 795(s), 
720(s) crnt" [Cf. 1,2,3.-trimethylbeflZefle \)max. (film) 
2930(s), 1590(w), 1483(m), 1450(m), 1390(m), 1168(w), 
1110(m), 1080(w), 1020(w), 1000(w), 775(s), 719(s) cmJ 
M (mass spectrum) 148, 	(cci) 6.91 (m,3H), 3.14 (m,1H, 
Me2Qi , JH Me7 Hz.), 2.21 (s,3H,aromatic Me), 2.17 (s,3 11 , 
aromatic Me), and 1.16 (d, 6H2ChIJH Me7 Hz.). 
Dehydration of 1,,_trimetlbiCYClO[5, 1 , 0
] 0Ct_5_ 
en-2-ol (0.59, 0.0003.inol.) with polyphosphoric acid (6g; 
equivalent to 115% orthophosphoriC acid) at 20 0 during 
lOh., gave the same products in the same proportion. 
Dehydration of 1,4,4_trimethy1biCYC1O[5,1,0]OCt-5 
en-2-o1 127 '(0.339, 0.002 mol.) with thioriyl chloride 
95 
(0.5 ml.) and pyridine (2 ml.) at 00, gave a 1are number ,  
of products, (g.1.c. 120: Aniezon L) which were not 
investigated further. 
Dehydration of 1,4,4_trimethylbicyClO[5,1,0] 0Ct_5_ 
en-2-ol (0.168c, 0.001 mol.) with phosphorusOxyChlori.de 
(0.7 ml..) in pyridine (3.5 ml.) at 1000 during 6h., gave 
as many as 17 products (g.l.c. 120 ° ; Apiezori L) after 
isolation with pentane. 	These were not investigated 
further. 
12. 	Pyrolysis of 2_Acety1_1,L,L_trimQBltQXS0{5,1, 0 ] 
oct-5-fl - 	Acetic anhydride (4.4 ml.) was added to 
1,4,4_trimethYlbiCYCl0[5,1,0]0ct_5_1_2_01 (i.Og, 0.006 
mol.) in pyridine (ii ml.) and the mixture was refluxed 
during 15 minutes. 	The mixture was poured into water 
(110 ml.) and allowed to remain at 20° during 15 minutes 
before isQlatiofl in the usual manner. 	The Drocluct, as 
analysed by g.1.c. (120 0 ; Apiezon L) contained both 
epimers of 2_acetyl_1,4,4_trimethYlbicYclo[5,1, 0]oct_5 
ene in the ratio of 1:9. 	The i.r. showed max. (film) 
2920(s), 2830(m), 1735(s), 1650(w), 1450(s), 1420(w), 
1370(s), 1305(w), 1290(w), 1240(s), 1155(w), 1145(m), 
1135(m), 1116(w), 1085(m), 1020(s), 945(m), 890(m), 855(w), 
762(m), 740(m), 708(w). cm:' 
The 2_acetyl_1,4,4_trimethYlbiCYclo[5, 1 , 0 ]oct_5_ene 
(100 mg.) was passed through a Pyrex tube (150 x 15 nun.) 
filled with glass beads at temDeratureS of up to 460
0 
 
in a nitrogen flow of 0.67 ml./sec. 	The products were 
collected in a cold trap at _800. 	G.1.c. analysis 
(1200; Apiezon L) showed a large number of minor products 
and a major com!onent corresnonding in retention time to 
the starting material. 
13. 	Prenarationof 1,2, 41t_Tetramethy1biyco[5 , 1,0] cc t.- 
5-en-2-ol - 	Methyl magnesium iodide was prenared from 
methyl iodide (log, 0.06 mol.) and magnesium turnings 
(4.8g, 0.2 mol.) in ether (100 ml.) under nitrogen. 	The 
resulting solution was filtered under nitrogen to remove 
the excess of metal and 1,4,4_trimetbylbicyclo[5,1,O]oct_ 
5-en-2-one (0.5g, 0.003 mol.) in ether (20 ml.) was added 
dropwise with stirring and' cooling. 	Stirring was 
continued at 200  during 2.5h., and the mixture was then 
toured onto ice before being treated with saturated 
aqueous ammonium chloride solution. 	The product was 
isolated with ether in the usual manner. 	The 1,2,4,4- 
tetramethYlbicyclo[5,1,0]oct_5_en_2_01 (0.46g, 90%) 
b.o. L1.0 ° at 0.05 mm. Hg. had Vmax. (film) 3500(s), 
3050(s), 2950(s), 1660(w), 1460(w), 1370(s), 1300(m), 
1250(w), 1220(w), 1170(s), 1090(s), 1050(m), 1030(m), 
lOflO(w), 955(m) 935(w), 920(m), 895(w), 860(m), 725(s), 
C7. 	S(cci) 5.60 (two d,1H,6-H,J 5 612,J6 76.5 Hz.), 
5.05 (two d,lH,5-H,J5 612,J351 Hz.), 2.65 (s,1H,3-H), 
2.62 (d,1H,3-H,J351 Hz.) 1.30, 1.23, 1.15, and 0.98 
(four s,12H,Me0, 1.09 (m,1H,7-H,J676.5 Hz.), 0.86 
(o,1T-f,8H), and 0.64 br (t,1H,8-H). 
A more exhaustive analysis of the cyclonronyl 
absorDtion was carried out by observing the n.m.r. 
spectrum of 1,2,14,4-tetrametbylbicyclo[5,1,0]oct-5-
en-2-ol (0.01457, 0.00025 mol.) in 	0C114 (0.5 ml.) 
in the presence of trig (diiva1omethanato)-europium 
(iii) (0.032g, 0.0000456 mol.). 	The n.m.r. sDectrum 
showed 	(cc1 14) on simultaneous irradiation of 6-H 
2.14576 ±0.0024 (a,1H7-H,J 8 	9.079 ±0.3lLi.,T 7, 8 7, cis 	 trans 
5.1114 ±0.327 Hz.), 2.540 ±0.0023 (tlH8_H trans" - 
88. 	
t0.31)4,J7 8 	5.114 ±0.327 
Hz.), 2.0199 
gem trans 
±0.0023 (q,lH,8_H,J gem 	 U5 ±0 . 314,J78c . 9.079 
±0.31 14 Hz.). 	(Chemical shifts and coupling constants 
here determined by the use of computer programme 
LAOCOON with magneticequivalence.) 
114. 	Dehydration of 1,2,14,4_ 	mcjjylbicyc1O[5,l ,0]oct- 
5-en-2-ol..- 	1,2,14,)4_TetramethylbicyclO[5,1,0]OCt-5-efl- 
2-ol was dehydrated by injection into a preparative g.1.c. 
with the injection block at 200 ° . 	The products were 
trapped at -80 ° and analysed by g.1.c. (10% Apiezon L at 
1300) / mass spectrum into three components (in order of 
elution);' unidentified(27%) M (mass sectruin) 162, 
unidentified (21%) M (mass spectrum) 162, and 
trimethy1_2_methylenebicYc1O{5,1,0]oct_5-eT1e (52%). 	The 
latter was isolated by preparative g.1.c. (3(y S'E30 at 
1000; 7 ft. x * in.) and gave 	max. (cd 14) 3080(w), 
2980(s), 1650(w), 1620(m), 11470(s), 1450(w), 11420(w), 
1380(w), 1360(m), 1250(w) 1025(w), 910(w), 890(w), 865(w), 
700(s) cm, M' (mass spectrum) 162 S(cc1 14) 5.614 (two d, 
9' 
1H,6_H,J674.5,J5 612 Hz.), L..96 (d1H9_HJ,.em2 Hz.), 
4.92 'or (d,lH,5-H,T 5 612  Hz. further coupled to 3-H), 
4.65 'or (s,lH,9_HJp.em2 Hz.. further coupled to 3-H), 2.14 
'or (o,2H,3-i-12 coupled to 5-H and 9-H), 1.19 (s,3H,Me), 
1.12 (m,1H,7-H,J574.5 Hz.), 0.94 (s,3H,Me), 0.92 (s,3H,Me), 
and 0.70 (m,2H,8-H2 ). 
Dehydration of 1,2,)4,4_tetramethYlbiCYClo[5,1,010ct_ 
5-en-2-o]. (0.18g, 0.001 mol.) using nhosphorus pentoxide 
(0.6g.) in benzene (2 ml.) by the method previously 
described yielded a mixture of two comnonents in a 2:1 
ratio as analysed by g.1.c. (120 ° ; Apiezon L). 	These 
were seDarated by prenarative g.1.c. (15% Carbowax 20M 
at 120° ; 7 ft x * in.). 	The major component was 1,2,4- 
trimethyl_5-iSOprOPYlbeflzefle which had ')max. (film) 
2950(s), 1900(w), 1740(w), 1520(s), 1460(s), 1400(m), 
1390(m), 1370(m), 1350(w), 1270(w), 1200(w), 1150(w), 
1110(w', 1020(m), 1000(m), 885(s), cm', M (mass soectrum) 
162, S(cci) 6.83 (s,lH,aromatic-H), 6.74 (s,1H, aromatic 
-H) 3.02 (m,1H,Me2f11,JHMe? Hz.), 2.21, 2.17 'or, and 2.13 
(three s,9H, aromatic Me 3), 1.17 (d,6H,M2CTTJHMe7 Hz.). 
The minor comDOfleflt was a 1,2,3,4_trimethylisOproP.Ylbeflzefle 
-)max. (film) 2950(s), 1860(w), 1"0(s), 1470(s), 1390(m), 
1370(m), 1340(w), 1260(w), 1018(m), 820(s) cm', M (mass 
soectrum) 162, 	(CCi4) 6.84 (t,2H,aromatic_H2,Jortho8 Hz.), 
3.13 (rn,1H,Me2Qli,JHMe? Hz.), 2.20 (s,6H,aromatic Me 2)9 
2.16 'or (s,3H,aromatic Me), and 1.17 (d,6H,Me2CH,JHMC7 Hz.). 
Identical results were achieved using rolyDhosphoric acid. 
Dehydration using thionyl chloride and pyridine by 
tre rnetThod described nreviously yielded only starting 
material, while dehydration using nhosphor'is oxychioride 
and oyridine, again by the method described previously, 
yielded the same products and in the same proportions as 
the dehydration in the injection block of the preparative 
g.l.c. 
The two unidentified and unseparated dehydration 
products from dehydration in the prenarative g.1.c. 
injection block were subjected to variable temperature 
n.m.r. studies in o-dichlorobenzefle at 60 0 , 1000 , 1200 
and 1600 . 	No change in the spectrum was observed. 
No change was detected in the g.1.c. analysis (120 0 ; 
Apiezon L) of the mixture. 
15. 	Preparation of 2_Acetoy_3,8, 8-TrimethYlbtYC10 
5,1,0]octa-2-5-Jefle - 	To a suspension of sodium 
hydride (0.69g, 0.03 mol.) in boiling dioxan (10 ml.) 
was added with stirring under nitrogen 1,4,4-trimethy1- 
bicyclo[5,1,0]OCt_5-efl-2-ofle (0.49g, 0.003 mol.). 
Refluxing and stirring were continued during 20h. 
After cooling to 20 ° , acetyl chloride (0.Li7g, 0.06 mol.) 
was added and stirring was continued during 20 minutes. 
The mixture was then poured into water and the product 
was isolated in the usual manner. 	Analysis of the 
product by g.1.c. (120° , Apiezon L) showed two components 
which were separated by preparative g.l.c. (15 Carhowax 
20M at 140 0 ; 7 ft. xin.). 	One of the components was 
found to be identical with 1,4,4_trimethylbicYclo[5,1 9 0] 
II 
100 
oct-5--en-2-one. 	The other comoonent, 2-acetoxy-3,8,8- 
trimethylbicclo[5,1,0]octa-2,5-diene had ))Max. (cci) 
2960(s), 1756(s), 1455(w), 1428(w), 1373(m), 1290(w),1250(s), 
1210(s), 1195(m), 1164(w), 1075(m), 1010(w), 913(w), 867(s), 
and 700(m) cm', M (mass spectrum) 206, 	(CC114),5.72(m,lH, 
6-H,J5610.5 Hz. further counled to 7-H and )4-H2 ), 5.54 (m, 
1J-T,5-H,J5610.5 Hz. further coupled to 7-H and Li--H2 ), 3.30 
br (d1H)4_HJ7em17J4,Mel Hz.), 2.16 (two dlHL_HJgem 17, 
Hz.), 2.05 (s,3H.MeCO), 1.68 br (d,1H,1-H,J 178.5 
Hz.), 1.55 (m,3H,3_Me,J Me' and 1.5 Hz.), 1.37 br (d,li-I, 
7-H,J178.5 Hz. further coupled to 5-H and 6-H), 1.13 and 
0.92 (two s, 6H ,'8 -Me2 ). 
Variable temperature n.m.r. studies (using [2i-i6 ] 
dimethyl suiphoxide or p-dichlorobenzene as solvent) up to 
a maximum temperature of 1600,  which was maintained for 2h., 
showed only a reduction in the intensity of the acetyl 
absorntion at 2.05 and further broadening of the 1-H 
absorption at 	1.68. 	G.1.c. analysis (140 0 ; Apiezon L) 
of the solution after the variable temoerature studies 
showed minor imourities in the 2-acetoxy-3,8,8-trimethyl-
bicyclo[5,1,0]octa-2,5-diene. 
16. 	Prenaration of 2-Methoxy-3,8,8-Trimethy1bc10 
[5,1,0]-5--2-on - 	1,4,4_Trimethy1bicyc1o[5,1,0] 
oct-5-en-2 -one (0.49g, 0.003 mol.) was added under 
nitrogen to a stirred suspension of sodium hydride (0.69g, 
0.03 mol.) in boiling dioxan (10 ml.). 	Refluxing was 
continued during 20h. 	The reaction was then cooled 
101 
to 00 and dimethyl sulphate (0.76g, o.o06 mol.) was added. 
Stirring wap continued during 30 minutes. 	The reaction 
mixture was then poured into water (100 ml.) and the product 
was isolated with ether in the usual manner. 	The product 
mixture was senarated into three comoonents by treDarative 
g.l.c. (15% Carbowax 20M at 1140 0 ; 7 ft. xin.) 	One of 
the components was identical with 1,14,4-trimethYlbicYC10 
[ 5,l,O]oct_5_en-2-Ofle. 	The 3_methoxy_3,8, 8-trimethYl 
bicyclo{5,l,0]0Ct_5_efl_2_0ne which constituted 80% of the 
remaining product mixture had -)max. (cci 14 ) 2960(s), 1710(s), 
11460(m), 11420(w), 1375(m), 1250(w), 1170(w), 1118(m), 
iiOO(w),.1060(m), 1015(w), 912(m), 865(m), cm 1 , M (mass 
spectrum) 1914, 	(CC114), 5.70 br (d,1H,6-H,J 5 611 Hz. 
further coupled to 7-H), 5.50 br (m,1H,5-H,J 5 611 ,J14514 . 5. 
and 5.5 Hz.), 3.15 (s,3H2OMe), 2.70 (two d1H14_HJgeml5 
JL , 55.5 Hz.), 1.95 (two d,1H,L.-H,J gem 	I- 
1'L, 51405 Hz.), 1.70 
I.  
(q,1H,1-H,J179 Hz.), 1.145 br (q,1H,7-H,J179 Hz. further 
coupled to 5- and 6-H), 1.20, 1.10 and 0.90 (three s,9H, 
3-Me and 8-Me 2 ). 	The other 20% of the rmainiflR product 
mixture was identified as 2_methox.y_1,14,4_trimethYlbcYcl 0 
{ 5,l,o]oct-5-ene and had ')max. (film) 2933 (s), 1720(w), 
1685(w), 16514(w), 11460(m), 11425(w), 1363(m), 1290(w), 
1250(s), 1210(w), 1151(m), 11014(s), 1030(w), 997(w), 912(s), 
865(s), 700(m), cm, M (mass spectrum) 180, 	(cci 14 ) 5.36 
(two d,1H 9 6-H,J5 61l,J672.5 Hz.), 14.90 (two t,1H,5-H, 
15611,J351.5 and J 5,7 
 1.5  Hz.), 3.22 (s,3H OMe), 2.714 
(two d,1H,2-H,J 2,3 
 1.5  and 9 Hz.), 2.05 (two d,1H,3-H, 
Jgem135J2,39 Hz.), 1.140 (two 
_I_ 'J C 
and J 
3,5 
 1.5 Hz.), 1.00 (s,3H,Me), 0.96 (s,6H,Me 2 ), 0.74 
4 
(rn,2H,7- and 8_HJgem2•5J5,71•5J69725 and J7,8 trans 




THE STEREOSELECTIVE PHOTOCHEMICAL ELECTR OCYCL IC 
VALENCE TRANSFORMATION OF 3-METHYLCAR--4-EN-2-ONE: 




















The Stereoselective Photochemical Valence _Transformation 
of 3 -Methjrlcar-i-*-en-2-one: Stereochemi nal Assgnme 	- 
Interest was first aroused in the stereochemistry of the 
3-methyl groub.  of 3-methylcar-1-en-2-one during its 
transformation into methyl trans-3,3,7-trimethylocta- 
,6-dienoate (Figure 27.) by the observations of Baldwin 
and Krueger. 9 	They reported that the absorptions in 
the n.m.r. spectrum of 3-methylcar-4-en-2-one at 91-07 
and 1.02 were due to the methyl groups at C(3). 	They 
then assigned these to the endo- and exo-methyl groups 
respectively since the endo- methyl group lay near the 
plane of the carbonyl group. 	Methylation of the 
eucarvone enolate ion with trideuteriomethyl iodide was 
thus reoorted to give endo-3-trideuteriomethylcar -4- efl-
2-one (which had no signal at 1.07) and methylation of 
2-trideuteriomethyl-6 , 6-dimethylcyclohepta-2 ,L-dienone 
with methyl iodide to give exo-3-trideuteriomethylcar -
4-en-2-one (which had no signal at 	1.02). 	These 
assignments were, however, shown to be based on unreliable 
evidence and the reverse assignments shown to be correct 
(See Discussion Section i.). 
The photo-product from 3-methylcar-4-en-2 -one, methyl 
trans-3,3,7-trimethylocta-4,6-dienoate was reported. by 
Baldwin and Krueger 9 to have the two vinyl methyl group 
signals at 91•718 and 1.734. 	They assigned these to 


































6-H resnectivelY since the methyl group trans to the 6-H 
was, in their oninin, more likely to be deshielded by the 
unsaturated function. 	The photoproduct from the endo-3- 
trideuteriomethYlCar-Uefl2-0fle was renorted to be 
deuteriated in the cis-7-methyl grouP as the vinylic 
methyl absorption appeared at £1.732 and the photoproduct 
from the exo_3_trideuteriOmethY1Caren2-0 was renorted 
to be deuteriated in the trans-7-methyl group as the vinylic 
methyl grout. absorption anneared at 	1.712. 	As the 
chemical shift difference between the two vinylic methyl 
groun signals is small (0.016 I-Iz.such assignments as made 
by Baldwin and KruegerU9 for the photonroduct seem to us to 
he ambitious without any supoorting evidence. 	We, therefore, 
reinvestigated the stereochemical sssignments of the viriylic 
methyl groups in methyl trans_3,3,7-trimethYloCta, 6-
dienoate by investigating both the model compound 4-methyl-
nenta-1,3-diene, in which the vinylic methyl grouns absorb 
at 	1.754 and 1.734 i.e. have a chemical shift difference 
similar to that of the vinylic methyl groups in the 
photoproduct and the photoproduct itself. 
4_Methylpenta-1,3 -diefle is known to undergo a thermal, 
reversible { l,i]_hydroen shift, giving an eoullihrium 
mixture With 
28.) 	Vie envisaged that, if the Li-methyl group and the 5- 
carbon of L_methy1penta-1,3-diefle were fully deuterited, 
the thermal isomerisation would cause a proton from c(i) to 
be incorporated into the cis-vinylic methyl group of 4
methylpenta-1,3-diefle leading to a stereochemical assignment 
of the vinylic methyl grouos. 	This assiPnment could then 
4 
be extrapolated to methyl trans-3,3,7-trimethYlOCta-4,6- 
di. enoate. 
The synthesis of 4_methylpenta-1,3 -diefle was first 
attempted usin nhosphorane ylides, 1021O 3 a well 
documented reaction for aldehydes and cyclic ketones, as 
dericted in Figure 29. 	TriDhenyinhosPhifle was added to 
allyl bromide to give the allyltripheflylphOSPhOfliulfl bromide 
which was converted to the phosphorane ylide by treatment 
with Dhenyl or butyl lithium. 	The ylide upon treatment 
with carbonyl compound normally gives triphenylnhoshine 
oxide and the corresponding diene. 	In our case, the only 
isolatable products were benzene, derived from the phenyl 
lithium when it was employed, and octane, derived from the 
intramolecular Wurtz reaction between two molecules of 
butyl lithium when the latter was employed. 	4-Methylpenta- 
1,3-diene was a very minor component in the reaction 
mixture in both cases. 	It was identified by comparison 
of its g.l.c. retention time with that of a sample prepared 
by another route. 99,105.  
We thus turned our attention to another route which 
involved the synthesis of .2_methylpent-L4.-efl-2-01 from allyl 
magnesium bromide and acetone, l6 and dehydration of this 
alcohol to the corresponding diene. 	This method, as that 
described previously, utilising acetone was chosen to give 
a ready pathway to the incorooration of six deuterium atoms 
in the molecule. 	The 2-methylpent-4-efl-2-Ol had physical 
properties consistent with the proposed structure, viz; 
U 
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Vrnax. (film) 3400 (0-H) and 1640 (c=c) cm" 	The n.m.r. 
spectrum which was also in agreement with the proposed 
structure showed an absorotion at 	5.80 assigned to the 
Lb-H proton and coupled to the 3-H 2 nrotons at £2.14 (J 3 
7 Hz.). 	The trans 5-H appeared at g5•08 (gem°° Hz.) 
while the cis 5-H appeared at 9LL.94 as a doublet coupled 
to the L-H proton at 9 5.80 (J 5 	 J- 6.5 Hz.). 	The hydro 
group appeared as a singlet at S2.26 while the two methyl 
rours absorbed as a singlet at 	1.12. 	Dehydration of 
the 2-methylpent-4-efl-2-01 in boiling dimethyl sulphoxi de 
gave four dienes in order of elution viz; 2-methylpenta-1, 
L-diene (31.8%), cis- 2-methylpenta-1,3-diefle (l.Li%), 
trans- 2-methylenta-1,3-diene (23.9%), and 4-met}iyipenta- 
1,3 -diene (42. V-) (Figure 30). 	These were separated as 
described in the Exoerimental. 	The trans- 2-methylenta- 
1,3-diene was identified by its formation of a maleic 
anhydride adduct. 99,105. 	The 2_methylpenta-1,1--diefle had 
nhysical properties consistent with the proposed structure 
viz; \)max.(CCl) 1640 (c=c) cm' molecular weight (82, 
mass spectrum.) 	The n.m.r. spectrum showed a multiplet 
at £5.70 assigned to the Li-H proton, two multiDlets at 
5.00 assigned to the 5-H 2 nrotons and a multiplet at 
9 4.67 assigned to the 1-H2 protons. 	The 3-H2 proton 
absorption apDeared as a doublet at 	2.70 (J 3 7 Hz.) 
while the absorption assigned to the 2-methyl group arDeared 
at £1.70. 	The 4_methy1penta-1,3 -diefle was identical with 
that Dreoared by another route 99 ' 105 and had physical 
properties which were in agreement with the proposed 
in order of elution 
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structure viz; 	max. (cc14) 1650 and 1600 (c=c) cm" 
molecular weight (82 9 mass spectrum.). 	The n.m.r. spectrum 
showed an absorption at 56.40 assigned to the 2-H proton 
which was coupled with the 3-H proton at 5.74 ( 32310 . 5 
Hz.) and to the 1-H 2 protons at S 4.90 (J1,217 and 10.5 Hz.). 
The 3-H proton at 5.74 was further coupled to both methyl 
groups at 51.82. 	Simultaneous irradiation of the 3-H 
absorption resolved the methyl absorption into two singlets - 
at S 1.754 and 1.734. 	{ 2H6]_2_MethY1Peflt_4_en_2_ 01  was 
prepared in a similar manner from [ 2H6 }-acetone and allyl 
magnesium bromide. 	The [ 2H 1_2_methYlPeflt_4-en_2-0- had 
the expected physical properties viz; Vmax.(film) 3400 
(o-H), 2250 (c-D) and 1640 (c=c) cm 	The n.m.r. spectrum 
differed from that of the undeuteriated alcohol only in 
that the 3-H2  protons now appeared as a simplified doublet 
of triplets absorbing at S2.13 and the methyl group 
absorption at 5 1.12 was absent. 	Dehydration in boiling 
dimethyl suiphoxide gave the same four dienes in a different 
ratio, viz: 2_methy1peflta_1 9 4die 	(16.6%), cis-2-methyl- 
penta-1,3-diefle (1.8%), trans_2_methY1Penta1931 
(20.5%) and 4_methylpenta_1,3diefle (61.1%). (Figure 31.). 
This was to be expected since a proton can be removed much 
faster than a deuterium because of the primary kinetic 
isotope effect giving the expected increase in the amount 
of 4_methy1peflta-1,3die formed at the expense of the 
amounts of 2_methy1peflta_1 9 1V.diefle and trans_2_methylpeflta 
1,3-diene in the products. 	The n.m.r. spectrum of 1,1- 
differed from 
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that of the undeit,enited compound in that the 1-H 2  and 
methyl group absorntiofls were absent. 	In addition the 
3-H2  absorption at £2.70 had simplified and now appeared 
as a doublet of triplets 	3,LL'3,512 Hz.). 
	The n.m.r. 
srectrum of 5,5,5_trideuteriO_4_trideUter10methYlPenta, 
3-diene differed from the undeuteriated compound in that 
no methyl absorption was observed and the 3-H absorption 
at 9 5.7L4 appeared as a sharper doublet. 
The thermal, reversible, unimolecular [i,s] migration 
of hydroRefl99 WaS utilised to decide which of the two methyl 
groups was cis to the carbon chain in 5,5,5-trideuteriO--4-
trideuteriomethYlPeflta_1,3e 	since only the methyl prOuD 
cis to the carbon chain (trans to 3-H) would be involved in 
the reaction. 	The cis methyl group would incorporate 
atoms from c(i), 2H atoms being transferred to c(i) and 
would, therefore, absorb in the n.m.r. spectrum while the 
fully deuteriated trans methyl group would not. (Figure 32.) 
The interconve.rSiofl of the two methyl groups in the 4-methyl-
penta-1,3-d.iefle is unlikely to occur to a significant extent 
under the reaction conditions since less than 2% of trans-
2.methylperlta_1,3-diefle was formed during equilibration 
during ten half lives. 99 ' 109 	The [1,5] migration of 
hydrogen in cis- penta-1,3-diefle has been studied by the uee 
of deuterium labelling in a similar manner. 110 	Direct 
confirmation of the concerted, suprafacial character of the 
[1,5] sl.gmatropiC shift of a hydrogen atom has been 
elegantly provided iby Roth and KoniR ill. who demonstrated the 
completely stereopecifi.0 conversion of (93.) into (94.) and 
110 
(95.). 	The enujljbrat 1 on was carried out by heating the 5 
5,5_trideuteriOt_trideUter10methYlP1t 8 , 3-diene in the 
gas phase at 250 0 during five half lives (t 1 56 minutes at 
250°  was calculated from the data given by Frey and Ellis 
assuming a nrimary kinetic isotope effect of L 	for all 
[1,5] hydrogen transfer steps; kH/kD = 1.15 exr lLi00/PT 
for ci_nenta-1,3-4iene.0') 	The mixture of comooundsqt 
a.o and c. (90.4) was senarated from the mjxtureq2O-'b8fld C 
(9.6 0 ) by nreoarative g.l.c. and analysed by n.m.r. 
snectroscopy. 	The methyl absorotion of the mixture a,c 
and e anneared as five lines, unon simultaneous irradiation 
of the 3-H nroton, at 	1.729, 1.708, 1.686, 1.667 and 1.643. 
This analysed for a 1:1:1 triplet for compound (91c.) 
centred at 	1.708 and a 1:2:3:2:1 quintet for comnound 
(91b.) centred at Si.686. 	The geminal 'H 	coupling 
constant was 2.1 Hz. in both compounds (91b.) and (91c.) 
(Cf. 2.3 - 2.4 Hz. for CHD.00-, -CO.CH 2D, and -00.CHD 2 
in artially deuteriated bu tan_2_Ofle 
2,h1311.), and the 
chemical shift, difference was 0.022 opm. 
Simulation of the reaction sequence shown in Ficure 32. 
on an analogue corriouter using the known rate constants for 
[i,s] hydrogen migration in this system, 99 afl equilibrium 
constant of 9 at 250 °  for the reaction (91.) - (92.) and a 
primary kinetic isotope effect of 4.4110 gave a plot of 
the concentration of all six species against time. 	From 
that data we calculated the abundance of each snecies after 
five half lives [ (91a.) 12.69 9 (91b.) 54.2%, (91c.) 23.8. 
(92a.) 3.2%, (92b.)5.5% and (92c.) 0.9% ]. 	After complete 
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equflibration (ten half lives) the abundance of each species 
was [ (91a.) 9.2%, (91b.) 53.8%, (91c.) 26.7% (92a.) 3.2%, 
(92b.) 6.0% and (92c.) 1.1% ](assuming no isotope effect on 
the ground state energies). 	Using this data for the 
relative abundancies of compounds (91b.) and (91c.) after 
five half lives, i.e. 2.28:1, the relative intensities of 
the five lines in the n.m.r. spectrum should be (from low to 
high field) 3.6, 4.6, 5.6 9 2.0 and 1.0. 	The observed 
spectrum was in fair agreement with these values although 
exact integration was not possible. 
To relate the chemical shifts observed for the methyl 
absorption in compounds (91b.) and (91c.) to the methyl 
absorption in undeuteriated. 4_methylpenta-1,3-diene, it is 
necessary to correct for the isotolDe shifts caused by 
deuterium both geminal and In the adjacent trideuteriOmethyl 
groups, in compounds (91b..) and (91c.). 
It is known that successive substitution of deuterium 
for hydrogen In a methyl groun causes an upfield shift In 
the absorption of the remaining proton (a), and that the 
shift caused by the second deuterium atom is equal to that 
caused by the first. 1129113,114. 	It therefore follows 
that since compound (91b.) absorbs at higher field by 
0.022 ppm. thancompoufld (91c.), 4_trideuterIomethYl-.1 
penta-1,3-dlefle (91d.) would absorb at 0.022 ppm. downfiel4 
from compound (91c.) i.e. at 	1.730. 
In order to compensate for the effect of the adjacent 
trideuteriOmethyl group on the chemical shift, it was 
necessary to prepare a mixture of 4-trIdeuterIomethY1-!- 
ri 
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penta-1,3--diene (91d.) and 4-trideuteriomethy1-trans- 
 If 
nenta-1,3-4lene (91e.). 	This was first attemnted by 
the synthesis and dehydration of 2-methylpent-3-en-2-ol. 
The 2-methylpent-3-en-2-ol was synthesised by the reaction 
of pent-3-en-2-one with methyl magnesium iodide, the 
pent-3-en -2 -one itself being synthesised via a phoenhorane 
ylide intermediate. 10291039104. 	In this case, 115 ' 
trinhenylnhosnhine was added to chioroacetone to give the 
acetonyltriphenylphosDhonium chloride which was converted 
to the phosphorane ylide by treatment with aqueous sodium 
carbonate. 	The ylide 'mon treatment with acetaldehyde 
yielded two cmnonents in the ratio 9:1. (Figure 33.). 
The major comnonent was identified as trans-pent-3-en-2- 
one (93.) which had nhysical prooerties consistent with the 
assigned structure viz; 1max. (film) 1672 (c=O), 1631 
(CC) cm:' 	The n.m.r. spectrum was also in agreement 
with the assigned structure showing two absorptions in the 
olefinic region 96•65 and 5.95 assigned to the L.-H and 
3-H protons respectively (1 31416 Hz.). 	Both protons were 
further coupled to the 5-H protons at 91.85(J4,Me6• and 
3,Me5 Hz.). 	
The methyl group adjacent to the carbonyl 
group anoeared as a singlet absorption at 	2.10. 	The 
minor comoonent had physical properties consistent with 
the cis-pent-3-en-2-one (94.) structure viz; -)max. (film) 
1690 (C=O) and 1621 (cc) cm 	The molecular weight 
[84.057511 (C 51180); mass spectrum] and the n.m.r. spectrum 
were also consistent with such a structure. The n.m.r. 
spectrum showed one absorption ( 2 protons) In the 
113 
olefinic region assigned to the 3- and L-H protons. 	The 
-H nroton was coupled to the 5-H 3 protons at 92.05 4 , Me 
5 Hz.) and the methyl group adjacent to the carbonyl group 
appeared as a singlet absorption at 92.08. 	In order to 
confirm the structure, the cis-pent-3-en-2-one was treated 
with lithium aluminium hydride in an attempt to pre -Dare 
the corresponding alcohol, cis-pent-3-en-2-ol which could 
then be compared with a sample prepared by another route. 116.  
However, the compound isolated had physical properties 
consistent with di( 	_pent-3-en-2-Y1 )ether (95.) viz; 
Vmax. (film) 1253 (c-o-c) cm' 	The n.m.r. spectrum was 
also in agreement with this structure and showed one 
absorption ( L protons) In the olefinic region at 95,30 
assigned to the 3- and Li.-H protons (1 3 5 Hz.). 	Both the 
3-  and L-H protons were further coupled to the 5-H3 nrotons 
at 91.65 	3,Me arid 4,Me5 Hz.). 	
One of the 2-H protons 
anneared as a broad triplet at 94.50 while the other also 
appeared as a broad triplet at S4.10. 	Both were coupled 
to the 	-H3 	group at 	1.15 	2,Me1 Hz.). 	
Simultaneous 
Irradiation of the 5-H 3 protons at S1.65 collansed the 
multinlet due to the 3 -  and L-H protons at 95.30 to two 
doublets. 	Simultaneous irradiation of the 2-H proton at 
4.50 collapsed half of the doublet assigned to the 
I-H3 group at 	1.15 to a singlet, the other half of the 
methyl group absorption remaining as a doublet while 
similar results were found upon simultaneous irradiation 
of the 2-H proton at 94.,10. 	This behaviour suggested 
that the compound was a 50:50 mixture of the meso-form 
114 
and a d.1-racemic mixture. 	This spectrum was closely 	
It 
similar tothe n.m.r. spectrum of 	_pent_3_en_2_ol116 
which showed one absorption in the olefinic region ( 2 
protons) at S 5.40 assigned to the 3- and 4-H protons and 
a triplet at 9 4.50 assigned to the ?-H proton which was 
coupled to the 1-H protons at S 1.15 (J2 Me  6 Hz.). 	The 
hydroxyl group appeared as a singlet at 93.28 and the 
5-H3 protons absorbed at S1.62 showing a 5 Hz. coupling 
with the olefinic protons. 
Reaction of trans-pent-3 -en-2-one with methyl 
magnesium iodide yielded two products in the ratio 4:1. 
The minor component had physical properties consistent with 
the structure 4-methylpentan-2-one viz; 	ma.x. (film) 1708 
(C=O) cm's 	The n.m.r. spectrum was also consistent with 
the proposed structure and showed an absorption at 5 2.18 
(n 3 protons), the Li.-H proton as the A part of an AX 2 
system and the 3-H2 protons as the X2 part of the AX 2 systhni. 
The 1-H3 protons appeared as a singlet absorption at S 2.02 
and a doublet at £0.89 was assigned to the 5-H3 and L1.-
methyl group absorptions 4 Me6 Hz.). 	The major product 
was identified as 2_methylpent-3-efl-2-Ol and had physical 
properties consistent with the assigned structure viz; 
'umax . (film) 3400 (0-H) and 1660 (c=c) cm" 	The n.rn.r. 
spectrum was also in agreement with the proposed structure 
and showed an olefinic absorption at S 5.52 (G 2 protons) 
and assigned to the 3- and U-H protons. The hydroxyl 
group appeared as a singlet at 9 2.81 while the vinylic 
methyl group appeared as a multiplet at 9 1.62. The 
115 
remaining two methyl grouns absorbed as a singlet at £i.o. 
The two products in this reaction are those derived from 
'normal' and 'abnormal' Grignard addition. 	The major 
nroduct, 2_methylpent-3-en-2-01, was derived from 'normal' 
Grignard attack of the carbonyl group, while the minor 
oroduct, L_methylpentafl-2-Ofle, was derived from 'abnormal' 
Grignard attack, i.e., Michael addition to the conjugated 
double bond. 
The 2-methylpent--3-efl-2-Ol dehydrated at room 
temperature to give three dienes viz; 2-methylpenta-1,4-
diene (9.4%), trans_2_methylpeflta-1,3-diefle (86.0%) and 
Lt-methylpenta-1, 3-diene (4.6%). 	The trans-2-methylpenta- 
1,3-diene had physical properties consistent with the 
assigned structure viz; 'ax. (film) 1610 (C=C) cm' rn  
The n.m.r. snectrum was also in agreement with the assigned 
structure and showed an absorption at S5.57 assigned to 
the Li-H proton which was coupled with-the 3-H proton at 
S4.08 (J 3  15
Hz.) and the 5-H 3 protons at £1.75 
6 Hz.). 	The 3-H proton was also counled to the 5-H orotons 
(J3,Me08 Hz.). 	The 1-H2 protons absorbed at £4.76 and 
were coupled with the 2-methyl group at 91.78 	l,Me' Hz.). 
As the yield of 4_methylpenta-1,3-diefle from this 
trial method was low, we thus turned our attention to 
another route for the preparation of the mixture of 4-
tri.deuteriomethy1_j-Peflta1 , 3-diene (91d.) and 4-
trideuteriomethyl_traP!_peflta_1,3ieTe (91e.). 	This was 
done by the preparation and dehydration of 2-trideuterlo- 
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nrenared from trideuteriometh.ylmagnesi.um iodide and cadmium 
chloride, was reacted with acetyl chloride to give 1,1,1-
trideuterloacetone. 	This was not isolated as acidic or 
basic conditions would cause scrambling of the deuteriiim 
atoms in the molecule by enolisation. 	Tnstead the reaction 
mixture was treated directly with allylmagnesium bromide to 
yield a mixture of 2_trideuteriomethy1pent-4-en-2-o1 (87.2%) 
and _trideuteriomethy1hepta-1 9 6-diefl-4-o1 (12.8%). (Figure 
34.). 	The physical proDerties of the 4-trideuteriomethyl- 
hepta-1,6-dien-4-ol were in agreement with the proposed 
structure viz; ")max. (film) 3400 (0-H) cm 	The n.m.r. 
soectrum was similar in all resnects to that of 1,1,1- 
trideuterio2-trideuteriOmethY1Peflt-4-efl-2-01. 	The methyl 
group absorotion in the n.m.r. spectrum of 2-trideuterio-
methylpent-4-en-2-01 appeared as a single sharp line 
integrating for three nrotons only. 	The 2-trideuterio- 
methylpent-4-efl-2-o1 was dehydrated in boiling dimethyl 
suinhoxide to yield four dieries viz; 2-methylpenta-1 9 4-
diene (27%), cis-2-methylpenta-1,3-diene (i.o%) trans-2-
methylpenta-1,3 -diefle (30.5%) and 4_methy1penta-1,3-diene 
(41.5%). 	The n.m.r. spectrum of the separated mixture of 
the cis- and the trans_4_trideuteriomethylpenta-1,3-diefle 
(TM-cc1) with simultaneous irradiation of the 3-H oroton, 
showed the methyl absorotion to appear as two singlets at 
8 1-753 and 1.730. 	At the same concentration in CM and 
with simultaneous Irradiation of the 3-H proton, 4-methyl-
penta-1,3-diene itself absorbs at Sl.754 and 1.734. 















0.001 and 0.004 ppm. 	Using these values, the absorption 
of the cis-methyl grout in undeuteriated 4-inethylpenta-1,3-
diene is calculated to occur at 91.731 or 1.734, in 
excellent agreement with the observed value for L-methylpenta-
1,3-diene ( £1.734). 	The absorption at £1.754 in the 
n.m.r. spectrum of 4-methylpenta-1,3 -diefle must be due to the 
methyl group which is trans to the carbon chain. 
These assignments are the reverse of those msde by 
Baldwin and Krueger 9 fOr methyl trans-3,3,7-trimethylocta -
4,6-dienoate (96.). 	Although compound (96.) contains an 
ester group this is well removed from the vinylic methyl 
groups and any intramolecular shielding or deshielding 
effect due to the ester group Is likely to be small, Cf: 
in methylcis_2,6dImethy1hepta_3,5 -d1 efl0ate (97a.) in which 
the ester group can get close to the vinylic methyl grouns. 
the latter absorbs at 91,78 and 1.71, whereas for the trans 
Isomer (97b.), in which the methyl grout is well removed, 
they absorb as a single peak at 8 1 , 70 (5-H was not 
simultaneously irradiated)) 17 	Any intermolecular effect 
is also likely to be small as a mixture of an equimolar 
quantity of methyl 3-methylbutafloate and 4-methylpeflta-1,3-
diene causes a downfield shift In both methyl absorptions 
of 0.002 - 0.003 ppm. 	The only other possible way of 
reconciling the two results would be if the methyl 
absorptions 'crossed over', i.e., the high field methyl 
absorption became the low field methyl absorption and vice 
versa upon dilution. 	However, as described In the 
Experimental, this was not found to be the case. 	As the 
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decision, as to whether the confic?urational assinments 
should indeed be reversed in methyl trans-3,3,7-trimethyl-
octa-4,6-dienoate, is less unambiguous in this case than 
for methylcarenone suonorting evidence was sought. 	The 
compound methyl tras-7-trimethylocta-1,6-diefloate 
(96.) was consequently synthesised from the photochemical 
transformation of 3-methylcar-4-en-2-one in ether-methanol 
solution as described by Baldwin and Krueger 9 and shown 
in Figure 35. 	The physical properties of the methyl 
trans-3,3,7-trimethy1octa-4,6-dienoate were in agreement 
with the assigned structure viz; Vmax. (film 1734 (co), 
1660 (C=C) and 1243 (c-o-c) cm' 	The n.m.r. snectrum 
was also in agreement with the proposed structure and 
showed three absorptions in the olefi.nic region at 96.13, 
5.73 and 5.56 assigned to the 5-H, 6-H and 4-H protons 
respectively (1515 Hz., .15,610  Hz.). 	The 6-H proton 
was further coupled with the two vinylic methyl grouns at 
S 1.78 	6,Me25 Hz.). 	A singlet absorption at 9 3.62 
was assigned to the methyl of the ester groun and a further 
singlet at 2.27 was assigned to the 2-H 2 protons. 	The 
remaining two methyl groups at C(3) absorbed at S 1.19. 
In order to observe separate signals for each of the 
vinylic methyl groups in the n.rr.r. spectrum it was 
necessary to simultaneously irradiate the 6-H nroton. 	Tn 
solution these are separated by 1.6 Hz. (S 1.734 and 
1.718). 	One possible way of assigning these absorptions 
is by a nuclear Overhauser effect (floe) experiment. 118 ' 119 ' 
120. 	For example, An the case of (3,(3-dimethylacrylic 
119 
acid. (98., irradiation of the methyl group cis to the 
roton causes an increase of 17% in the integrated intensity 
of the d'.proton, whereas irradiation of the methyl group 
trans to the S. proton produces no such increase. 8 	This 
is because irradiation of protons (or groups of protons) 
close to (but not necessarily spin-spin couiied with) the 
observed proton, in this case the olefinic proton increases 
the efficiency of the relaxation of the observed nroton 
from its 13 to d- soin states by soin-soin interactions. 
This leads to an increase in the Boltzmann ponulation of 
the lower energy spin state, thus causing increased 
absorption. 	Thus irradiation at the absorption frequency 
of the methyl grouo cis to the 6-i-i in methyl trans-3,3,7-
trimethylocta-4-6-diefloate should produce increased 
intensity of the 6-H absorotion, whereas irradiation at 
the absorption frequency of the trans methyl group should 
oroduce little or no change in the intensity of the 6-i-I 
absorotion. 	Experiments carried out on compounds with 
such small chemical shift differences proved inconclusive. 
However, the nOe exneriment became more feasible on 
changing the solvent to benzene as the chemical shift 
difference between the two vinylic methyl' groups became 
2.9 Hz. ( 1.642 and 1.613). 	A recent study 
121.  by 
nOe exoeriment of the conformation of 2-acetylfurans in 
which the seoaration between the two irradiation 
frequencies was 5-H Hz., suggested that by using a low 
irradiating voltagei (iOLO mV.RMS) meaningful results 
could be obtained. 	An increase of 15.6 ±7.6% in the 6-H 
120 
absorption was observed on irradiating the low field methyl 
absorption at £1.642 and an increase of 7.6 ± 7.8% in the 
6-H absorption was observed on irradiating the high field 
methyl absorption at 	1.613. 	The probability of the two 
enhancements being equal is 1.2% and the probability of th 
smaller enhancement being zero is 0.75%, i.e., the 
differences are highly significant. 
The levels of probability were found by applying a 
T-test. 122 	This involves two independent samples being 
compared to find whether their means differ significantly. 
It is assumed initially that the samples have no real 
difference - a NULL HYPOTHESIS. 	If the samples contain 
n1 and n2 observations with means of X1 and X2 
respectively then the variance V; 
c- 	' 	- 	 - 
L(x1 - x1) 2 
	 - x2 j 
V 	= 	 fl] + 	n - 2 
now, 
5= 	4V 
and the standard error S.E. ; 
S. E. (x1 -x2 ) = 	S 	1 
4 ']2 
The Null Hypothesis states that for samples drawn from the 
same universe, X1 and X2 would differ only by random sampling 
variations and the Null Hypothesis Is tested by setting 
(x1 - X2 ) = 0, thus we set, 
x - 




t is then found from tables to correspond to a probability 
P, orsignificance level as follows, given the number of 
degrees of freedom (0 = n-i) 
P more than 10% is not significant 
P lying between 5 and 10% is possibly significant, 
i.e. some doubt is cast on the Null Hypothesis. 
P lying between 1 and 5% is significant, i.e. the Null 
Hypothesis is presumed false especially if 
confirmatroy evidence is available. 
P less than 1% is highly significant, i.e. the Null 
Hypothesis may be confidently rejected. 
The largest increase occurred when the irradiating 
frequency was centred on the low field absorption showing 
that the low field methyl absorption is cis to the 6-H. 
Consequently, in benzene solution, the absorptions 
at 91.642 and 1.613 are assigned to the vinylic methyl 
groups cis and trans to the '6-H proton respectively. 
In order to relate these assignments to the absorptions 
* It should be noted that this is not a maximum n0e as 
the irradiating power level was kept down to minimise 
simultaneous irradiation of the high field methyl 
absorption. 	The increase in the 6-H absorption on 
irradiation of the high field methyl absorption is 
probably' due to a large extent on unavoidable overlap 




observed in CM solution, it was necessary to observe 
spectra of methyl trans-3,3,7-trimethy1octa -4, 6-dienoate in 
a series of C 6H6/CC1 mixture. 	There was no 'cross over' 
of absorptions, i.e., the high field methyl and low field 
methyl group absorptions did not in effect change their 
relative positions to one another as the proportion of CC1 
in the solvent mixture increased. 	Thus, the absorptions 
at 91.734 and 1.718 in CCl solution are assigned to the 
vinylic methyl groups cis and trans to the 6-H respectively. 
This is the reverse of the assignment made by Baldwin and 
The concentrations of the so1utiorused in 
both the nOe experiment and In the mixed solvent 
measurements were Li.% w/v for methyl trans-3,3,7-trimethyl -
octa-4, 6-dienoate. 
Supporting evidence for our earlier assignments of the 
methyl groups in 4-methylpenta-193-diefle was obtained by 
performing a similar flOe experiment on a 2% w/v solution of 
4-methy1penta-1,3-diene. 	In benzene as solvent the 
chemical shift between the two vinylic methyl groups 
becomes 4.9 Hz. (9 1.591 and 1.543.) 	Irradiation of the 
low field methyl group absorption at 1.591 increased the 
3-H absorption by 15.1 t 4.8%, while irradiation of the 
high field methyl absorption at S1.542 increased the 3-H 
absorption by 3.9 ± 6.2%. 	The probability of the two 
enhancements being equal is <o.i% and the probability of 
the smaller enhancement being equal to zero is 7. 2%. 	Thus, 
the low field methyl absorption is due to the methyl group 
cis to the 3-H, and the high field methyl absorption is due 
0 
flOe Measurements for (91.), (96.), 	and 	(99.) 	- 
Sample Internal Std. 	Ratio of olefinic proton absorption and internal std. 	absorption. 
* 
4%(96.) 	in C 6 D 6 	CH2C12 	 0.590 	t 0.025 	0.635 ± 0.037 0.682 ± 0.034 
2%(91.) 	in C 6 D 6 	CH2C1 2 	 1.731 	
± 0.061 	1.799 ± 0.087 1.933 ± 0.045 
2%(99.) in CC1 	CHC12 .CHC12 	0.991 	± 0.029 	1.061 ± 0.018 1.165 ± 0.043 
Compound Enhancement of olefinic proton absorption on irradiation of: 
** High-field methyl 	Significance 	Low-field methyl Significance 
absorption 	level absorption -level 
(B/A x 100) - 100 (C/A x 100) - 100 
(96.) 7.6 ± 7.8% 	 (0.75%) 15.6 ± 7.6% (1.2%) 
(91.) 3.9 ± 6.2% 	(7.2% ) 15.1 ± 4.8% (<0.1%) 
(99.) 7.0 ± 3.6% 	 (<0.1% ) 17.6 ± 5.5% (<0.1%) 
* 	A: Irradiation at 50 Hz., away from any absorption. 
 Irradiation of high-field methyl absorption. 
 Irradiation of low-field methyl absorption. 
** Probability of enhancement being zero . 122 
Probability of enhancement being equal to that observed on irradiation of 
122. high-field methyl absorption. 
CP Me Me CD 3 
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to the methyl group trans to the 3-H. 	Again extrapolation 
to CCl solution by the observation of the two methyl group 
absorptions in C6H6/CCl solvent mixtures showed that the 
absorptions at 9 1.754 and 1.73L4. are due to the vinylic 
rnethyls cis and trans to the 3-H respectively. 
* 
Similar experiments with 2-methylpent-2-ene (99.) 
in CC1 solution showed that the low field methyl absorption 
(S 1.649) is due to the methyl group cis to the 3-H (17.6 
± 5.5% n0e) and that the high field methyl absorption 
(g 1.575) is due to the methyl group trans to the 3-H 
(7.0 ± 3.6% flOe). 
We can thus say with some certainty that the 
stereochemical assignments made by Baldwin and Krueger 9 
for 3-methylcar-4-en-2-Ofle and methyl trans-3,3,7-trimethyl-
octa-4,6-dienoate should both be reversed. 	This means 
that the stereochemical course of the reaction (Figure 36.) 
11 
postulateci. by Baldwin and Krueger 9 'is still correct. 
However, we are of the opinion that the stereochemical 
course is that which would be expected if minimisation of 
non-bonded interactions were the major controlling factor 
* 2-Methylpent-2-efle was prepared in a manner analogous 
to the preparation of.4_methylpenta-1,3-diene, i.e., 
2-methylpentan-2-ol was prepared from acetone and 
propylmagnesium bromide and dehydrated in boiling dimethyl 
sulphoxide, the two olefins being separated by preparative 














during the transformation. Baldwin and Krueger favoured 
a concerted, transformation. 	Assuming the rearrangement 
to be initiated by the cleavage of the C(2) - 0(3) bond, 
i.e. cit. - cleavage (X>300  run- ), giving an alkyl-acyl 
diradical, 12 ' C(2) and C(3) could then move apart in 
various ways by rotation of c(3) - C(Li.) and c(5) - c(6) 
bonds as follows: 
if rotation of 0(3) - C(L.) and 0(5) - c(6) occur as 
shown in (100.) by the arrows a or c and a 
respectively, 0(3) or the methyl groups attached to 
0(3) is forced into collision with the endo-methyl 
group at c(7), 
if rotation of C(3) - C(Li.) and C(5) - c(6) occur as 
shown in (ioo.) by the arrows c and b respectively, 
the endo-methyl group at 0(3) is forced into 
collision with 0(2), 
if, however, rotation of 0(3) - c(Li.) and 0(5) - c(6) 
occur as shown in (100.) by the arrows a and b 
respectively, little if any non-bonded interactions 
take place. 	In addition this mode would produce 
the allyl radical 0(3)C(4)C(5) with the minimum 
rotation of 0(3) - C(4). 
After rotation as described under (3) above, the 
diradical would be in the preferred conformation for the 
cleavage of the cyclopropane ring (101.) as good overlap 
is available between the 0(1) - c(6) bond and the adjacent 
atomic orbitals at C(2) and C(5).125 	Cleavage of the 
c(i) - c(6) bond would thus complete the rearrangement 
125 
generating a ketene function from the c(i) - c(2) bond 	
IF 
and a trans, double bond from c(5) - c(6). 
We consequently believe that the rearrangement as 
shown in (100.) by the arrows a and b is the most 
favourable course for the rearrangement due to the 
minimisation of non-bonded interactions. 	It also 
produces the observed stereochemical change in the 
conversion of 3_methylcar-4-efl-2-Ofle to methyl trans- 
3,3,7_trimethyiOcta-14 1 6-dieflOate. 	Thus our 




For general details see Section I, experimental 
part (P.37.). 
1. 	Preparation of 4-Methylpenta -1 ,3-diene using Phosphane 
Y1ides12103 	Triphenyiphosphine (5.2g, 0.20 mol.) was 
added to allyl bromide (309, 0.25 niol.) in dry benzene (60 ml.) 
The solution was left during 12h. and then heated under 
refliix during lh. 	The precipitated salt was removed by 
filtration, washed with benzene and dried in vacuo over 
to yield allyl triphenylphosphonium bromide (68g. 88%), 
m.p. 209 - 21400 
A suspension of allyltriphenylphosphoniUm bromide 
(7.79, 0.02 mol.) in ether (120 ml.) was mixed with an 
equimolar amount of a solution of butyl lithium 128 in 
ether (16 ml.) and the mixture was shaken during 3h.after 
which time the red ylide crystallised. out. 
"Analar" acetone (1.16g, 0.2 mol.) was added to the 
suspension of triphenylprop-2-enylene phosphorane in ether 
(136 ml.). 	Heat was evolved and the red colour disappeared. 
The mixture was left during 2h. and warmed during a further 
lh. 	The triphenylphosphine oxide and lithium bromide were 
removed by filtration and decomposed with water. 	The ether 
solution was washed with 2N Ed (100 ml.) and the product 
isolated in the usual manner. 	G.l.c. analysis (500; 
Apiezon L') showed 4-metbylpenta--,3-diefle was only a minor 
compound., the majority of the product proving to be octane, 
U 
127 
identified by comparison with a pure sample. 	The 	
IF 
4_methylpeflta-1,3-diene was identified by comparison of 
its g.1.c. retention time with a sample prepared by 
another route. 999105.  
The experiment was repeated using phenyl lithium 128. 
instead of butyl lithium; a similar result was obtained, 
the majority of the product proving to be benzene. 
2 	Preparation of 2_Methylpen-4--2-2.1 	
- Allyl 
bromide (60g, 0.5 mol.) in anhydrous ether (50 ml.) was 
added dropwise with stirring during 5h. to magnesium (36g, 
1.5 mol.) in anhydrous ether (500 ml.) under nitrogen. 
The mixture was stirred at 20 0 during a further 5h. and 
then reflu.xed during 30 minutes. 	The mixture was filtered 
under nitrogen to give a solution of allyl magnesium bromide 
in ether (0.43 mol.; 86%). 	The yield was determined by 
titration (see Ref.106.). 	Acetone (22g, 0.38  inol.) in 
.anhydrous ether (30 ml.) was added dropwise under nitrogen 
with cooling during 5h. to the stirred solution of allyl 
magnesium bromide in anhydrous ether (550 ml.). 	The 
addition product was decomposed by the addition of ice/HC1 91  
and the product isolated with ether in the usual manner. 
The 2_methylpeflt-4-en-2-01 (279, 71%), b.p. 44 0 at 27 mm. 
Hg. (iit+?6 '4J4-!4.6.5 at 30 mm. Hg.) was shown to be pure by 
g.1.c. (60 ° ; Carbowax) and had max. (film) 
3400 and 1640 
cm, 	(cci) 5.80 (m,1H,Li-H,J 3 7 Hz.), 5.08 (s,lH,5-H4 	 p4 
trans 'gem°'7 Hz.), Li.. 9L4. (d further split, 1H, 5HJgemOs 7 
J 56.5 Hz.), 2.26 br (s,1H 2 OH), 2.14 br (d,2H,3-H291.12 
128 
(s,6H,Me2 ). 
3. 	Preparation of 4_Meth1penta-1,3 -diefle by Dehydration 
of 2-Mety1pent-4--2-2 	- 	2-Methylpent-4-efl-2-01 (2g, 
0.02 mol.) was dehydrated by heating a solution in dimethyl 
suiphoxide (10.92g, 0 . 14 inol.) under reflux during 140 99105 
The dehydration products were then distilled from the 
reaction mixture and collected in a receiver at _800. 
Analysis by g.1.c. (40° ; bis_2_methoxyethYladiPate) showed 
the products to be four dienes (in order of elution); 
2-methylpenta-1 9 4-diefle (31.8%) cis_2-methylpenta-193 -diefle 
(1.4%), trans_2_methylpeflta-1,3 -diene (23.9%), and 4-
inethylpenta -1,3-diefle (42.9%). 
Trans_2_Methylpenta-1,3 -diefle was removed from the 
mixture by the formation of its adduct with maleic 
an.hydride . 107108 The dehydration mixture (0.8g, 0.1 mol.) 
in dioxan (10 ml.) at 00 wa treated with maleic anhydride 
(1.Og, 0.1 mol.) and a trace of trace of hy.droq .uinone 
during 36h. The solvent and remaining dienes were 
distilled from the mixture and separated by preparative 
g.l.c. (30% SE30 at 80 0 ; 20 ft. xin.). -1 
The 2.methy1penta-1,14-diefle had \)max. (cci ) 1640 cm. , 
M (mass spectrum) 82, 8 (cd 4) 5.70 (m,1H,4-H), 5.00 (two in, 
.2H,5-H2 ), 4.67 (ni,2H,1-H2 ), 2.70 br (d,2H,3-H 29 J347 Hz.), 
and 1.70 (m,3H,2-Me.). 
The 4_methylpenta-1,4-diefle had "max. (cd 4) 1650, 
1600, 1000 and 900 cm', M (mass spectrum) 82, 9 (cdi4 ) 
6.40 (two overlapping t,1H 9 2-H,J2310.5,J1 217 and 10.5 Hz. 
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further coupled to Me group), 4.90 (m,2H,1-H 2 )
1 
 and 1.82 
1w (s,6H,Me2 ). 	Simultaneous irradiation of 3-H at 9 5.74 
resolved the methyl absorptions into two singlets at 
S 1.754 and 1.734. 	The spectrum was identical with that 
given by a sample of 4_methylpenta-1,3-diefle prepared by a 
different route. 107 ' 108 
Li.. 	Preparation of [5J_2_MethYlDent-Li.--22.i - 	This 
was synthesised by the method already reported for the 
undeuteriated alcohol. 	Treatment of magnesium (9g, 0.375 
mol.) with allyl bromide (159, 0.125 mol.) in ether (115 ml.) 
yielded allyl magnesium bromide (0.121 mol., 96%). Treatment 
of this solution with [ 21-16 ]-acetone (59, 0.086 mol.) gave 
[ 2H6 ]_2_methylpent_4_en_2_ol (8.399 9)4%) b.p. 36 0 at 20 mm. 
Hg., which was shown to be pure by g.1.c. (60 0 ; Carbowax), 
and which had Vmax. (film) 3400 9 2250 and 1640 cm. 	The 
n.m.r. spectrum (CC1 4
) differed from that of the 
undeuteriated alcohol in that the OH absorption was at 
92.54 br and the absorption due to the two protons at C(3) 
5 2.13 now appeared as a doublet of triplets and the methyl 
absorption at 	1.12 was absent. 
5. 	Preparation of 5,5,5_Trideuterio-4-trideUteriOmethYl- 
penta-1,3-diene - This was also synthesised by the method 
already reported for the undeuteriated diene, however, the 
dehydration of 1 2 1-i6 }_2_methylpent-4-en- 2-ol gave a different 
ratio of products 21.-methylpenta-1 9 4-diefle (16.6%), cis-2-
methylpenta-1 9  3-diene (1.8%) trans-2-methylpenta-1 9 3-diene 
ki 
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(20.5%) and 4-methy1penta-1,3-diene (61.1%). 	The 2- 
methylpenta-1 9 4-diene and 4_methy1penta-193-diene were 
isolated as before. 
The n.m.r. spectrum (cci) of 1,1-did.euterio-2-
trideuteriomethY1Peflta-1,4-diefle differed from that of the 
undeuteriated compound in that the absorption due to the 
methyl group at C(2) and the protons at c(i) was absent, 
and that due to the protons at C(3) now appeared as a 
doublet of triplets (1 39 70
0,J3,51.2 Hz.). 	The n.m.r. 
spectrum (cci) of 5,5,5_trideuterio-4-trideUteriOmethYl-
penta-1,3-diene showed no methyl absorption and the 3-H 
appeared as sharper doublet. 
Thermal Rearrangement of 4-Methylpent-1,3-diefle - 
The reaction vessel (240 ml.) containing the diene (0.16g, 
0.002 mol.) was cooled. to -196 0 and sealed at 0.1 mm. Hg. 
pressure. The diene was then heated during ten half-live 
(30 minutes) at 250 - 260 0 in a fluidised sand. bath. 
G-.l.c. analysis (40 0 ; bis_2_methoxyethylapidate) showed two 
components only,cis_2_methy1penta-1,3 -diefle (6.2%) and 
4-methylpenta-1,3-diefle (93.8%). 
Thermal Rearrangement of 5,5,5-Trid.euteriO-4-
trideuterio_methylpeflta-193-dien - The rearrangement was 
carried out as previously described. 	The deuteriated 
diene (0.24g, 0.003 mol.) on heating to 250 - 2600 during 
five half-lives (2.5h.) (See Discussion section) yielded 




methoxyethylaclipate) were cis-2-methylpenta-1 9 3-diene 
(9.6%) and 4-rnethylpenta-1,3-diene (90.4%). 	The products 
were separated by preparative g.l.c. (30% SE30 at 800; 
20 ft. x in.). 
The n.m.r. spectrum (lM-CCl) of the separated 4-
methylpenta-1,3-diene showed the following absorptions: 
S 6.40 (m,lH,L-H), 5.70 (d,1H,3-H), 4.90 (m,2H,5-F1 2 ) and 
1.70 (m,Me) (ratio 1.00:1.00:0.97:1.31). 	The chemical 
shifts of the lines in the multiplet due to the methyl 
protons were g10739, 1.724, 1.718 9 1.701, 1.695, 1.680, 
1.663 br and 1,640. 	On simultaneous irradiation of the 
3-H resonance at S5.70 the multiplet collapsed to five 
lines at S 1.729 9 1.708, 1.686, 1.667 and 1.643. 	The 
intensity ratios were in agreement with the expected 
values (see Discussion section.). 	Undeuteriated 4- 
methylpenta-1,3-diene, at the same concentration in CC1 1 
and with simultaneous irradiation at 
C 
5.70, showed two 
singlets at S1.754 and 1.734 for the methyl groups. 
8. 	Effect of Concentration on the Chemical Shift of the 
Methyl Absorption in 4-Methylpenta-193-diene - 
Methylpenta-1,3-diene (0.1048g.) was placed in an n.m.r. 
tube and diluted successivei 1 to 0.40, 0.65, 0.90, 1.15 and 
1.40 ml. with CM containing 5% T.M.S. For each dilution 
the chemical shifts of the methyl absorptions at S1.7 - 1.8 
were measured with simultaneous irradiation of 3-H at 95-74. 
11 
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Concentration (mole/10 ml.) Chemical Shifts of Methyls(S) 
	
P-0317 	 1.751 	 1.729 
0.0195 	 1.758 	 1.735 
0.0141 	 1.760 	 1.736 
0.0102 	 1.760 	 1.738 
0.0091 	 1.762 	 1.739 
9. 	Preparation of Pent-3--2--2.a5' 	A solution of 
triphenyiphosphifle (2259, 0.859 mob.) and chboroacetone 
(739, 0.79 mol.) in chloroform (650 ml.) was heated under 
reflux during 45 minutes. The solvent was evaporated and 
the residue was washed with chloroform/ether (200 ml. of a 
1:10 v/v mixture) to yield acetoneyltriphenylphosphOflium 
chloride (2509, 83%) m.p. 234 - 236 0 . 	The acetonyltri- 
phenylphosphoflium chloride (2509.) was shaken with an 
excess of 10% aqueous sodium'earbonate (78g. in 780 ml. 
1120) during 18h. 	The solid was removed by filtration and 
dried in vacuo to yield acetylmethylenetripheflYlhOSPh0rane 
(2259, 99%)  m.p. 198 - 2000 . 	The ylide (2259, 0.712 mob.) 
was added to acetaldehyde (589, 1.32 mol.) In methylene 
chloride (115 ml.). 	The mixture was refluxed during 6h. 
and then left at 20° during a further 6h. 	The solvent 
was distilled through a column (450 x 20 mm.) filled with 
Fenske helices and the residue was diluted with pentane 
(500 ml.). 	The triphenyiphosphine oxide which precipitated 
was removed by filtration and washed with more pentane 
(bOO ml.) 	The organic extracts were dried (MgSO 1) and the 
pentane distilled through the packed column used previously. 
'33 
The residue was distilled through a Vigreux column (350 x 
10 mm.) to yield a !colourless liquid (309, 58%) b.p. 116 - 
1200 which was shown by g.1.c. (5 00 ; Apiezon L) to contain 
two components in the ratio 1:9. These were separated by 
preparative g.1.c. (30% SE30 at 80 0 ; 20 ft. x in.). 
The major component was identified as trans-pent-3-en -
2-one and had max. (film) 1672 and 1631 cm', S(cci) 
6.65 (two q,lH,4_H,J3 16 ,16.5 Hz.), 5.95 (two q,1H, 
3_H,J316J3Mel5 Hz.), 2.10 (s,3H,C0 .Me), 1.85 (two d, 
Hz.). 
The minor component cis-pent--en-2-one had \1max. 
(film) 1690 and 1621 cm', M (mass spectrum) 84, accurate 
mass 84.057511 (c5H3o), S(cci) 6.60 (m,2H,3- and L-H, 
4,Me5 Hz.), 2.08 (s,3H,C0.Me), 2.05 	 Hz.). 
Simultaneous irradiation of the doublet at 	2.05 collapsed 
the multiplet at g6•60 to a singlet. 
cis-Pent-3--en-2-one (0.06g.) was treated with an excess 
of lithium aluminium hydride in ether (10 ml.) with stirring 
under reflux during 5h. The lithium aluminium hydride 
was removed by filtration. 	The filtrate was mixed with 
water and the product isolated with ether in the usual 
manner. 	The product, which was identified as di(cis- 
pent-3-en-2-y1) ether, was purified by preparative g.l.c. 
(30% SE30 at 80 ° ; 20 ft. x 1 in.) and had -,) max. (film) 
1500 and 1253  cm", M (mass spectrum) 137 (M-CH ), 
(cc1) 5.30 (m,4i,3- and 4_H)J3,Me5J,Me5J3,45 Hz.), 
4.50 br (tlH2_HJ2,Me4•O Hz.), 4.10 br (t,1H,2-H, 
Hz.), 1.65 br (d,6H,4_Me2,J3Me5.O,J4Me 
5.0 Hz.), 1.15 (a,6H,2 x 1_H3J2 Me10 Hz.). 	Simultaneous 
441-i,m 	 rn1ThDRed the multiDlet at S 5.30 to 
two doublets. 	Simultaneous irradiation at 9 4.50 
collapsed half of the doublet at 9 1.15 to a singlet, the 
other half of the absorption remaining as a doublet. 
Similar results were found on irradiation of 
Compare with the n.m.r. spectrum of cis-pent-3-en-2-
ol116 prepared by another route and which had 9 (Cd 1) 
5.40 (m,2H,3- and Li.-H), 4.50 (t,1H1HTl Me6 Hz.), 3.28 
(s,1H 2 OH), 1.62 (d,'3H,5_H3Joi e ini c , Me5 Hz.), 1.15 
(d,3Hl_H3Jl Me6 Hz.). 
10. 	Reaction of trans-Pen t-3-.En-2-one with Methyl 
Magnesium Iodide - Methyl iodide (7.19, 0.05 mol.) in 
ether (10 ml.) was added dropwise under nitrogen and with 
stirring to magnesium (3.6g, 0.15 mol.) in ether (50 ml.) 
during 30 minutes. 	Stirring was continued during 2h. and 
the solution was then filtered under nitrogen. 	trans- 
Pent-3-en -2-one (2g, 0.024 mol.) in ether (10 ml.) was 
added dropwise, with cooling and stirring under nitrogen and 
stirring was continued during 2.5h. 	The addition product 
was decomposed with saturated aqueous ammonium chloride 
solution and the product isolated with ether in the usual 
manner. 	Analysis by g.l.c. (60 ° ; Apiezon L) showed two 
components in the ratio L.:l which were purified by 
preparative g.l.c. (30% SE3O at 80 ° ; 20 ft. xin.). 
The major component 2-methylpent-3-en -2-Ol had 'Vmax. 
(film) 3400 and 1660 cm*, 9 (CC11) 5.52 (m,2H,3- and 
135 
Li--H), 2.81 br (s,1H,01-I), 1.62 (m,3H,vinylic Me) and 1.20 
The minor component, -methy1pentafl-2-one had Vmax. 
(film) 1708 cm', 9 (cciii-) 2.18 (m,3H,4-H, as the A part 
of an AX  system and 3-H 2 as the X2 part of an AX2 system), 
2.02 (s,3H, 1-H3) and 0.89 (d 9 6H,5-H3 and 4_Me,J1Me6.5 Hz.). 
The 2-methylpent-3-en-2-Ol dehydrated on standing 
at 200, and the hydrocarbon product was isolated by 
preparative g.1.c. (30% SE 30 at 80° ; 20 ft. x 	in.). 
This consisted of three dienes as analysed by g.l.c. 
(40 0 ; bis.-2_methoxyethyladipate) in order of elution, 
2_methylpenta-1,4-diene (9.Li.%), trans_2_methylpeflta-1,3-
diene (86.0%) and 4_methylpenta-1,3-diene (4.6%). 
The trans_2_methylpeflta-1,3-diefle was purified by 
preparative g.l.c. (30% SE 30 at 80
0 20 ft. x in.) 
and. had \'max. (film) 1610, 978 and 900 cm, S(ccl i-) 
Li..08 br (d, 1H,3 '3Li.Me08 Hz.),5.57 (two superimposed 
Hz.), 4.76 br (s, 2H, 1_H2Tl2_M e 
1 Hz.), 1.75 (two t,3H,5H 3
9
13 M e08 T4 Me6 Hz.), and 
1.78 (t,3H,2-Me,J1 Me1 Hz.). 
11. 	Preoaration of 2_TrideuteriOmethY1Peflt--2 2.. - 
A trial experiment with undeuteriated methyl iodide is 
described first. 	Magnesium (7.2g, 0.3 mol.) was treated 
with methyl iodide (14.2g, 0.1 rnol.) in dry ether (100 ml.) 
with stirring under nitrogen to give methyl magnesium iodide 
(0.096 mol. 96%). 	Anhydrous cadmium chloride (8.359 9 
0.0456 mol.) was added to the filtered methyl magnesium 
br (s,6H,Me2). 
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iodide solution (0.0912 mol.) and the mixture was stirred 
at 25 °  for lh. before acetyl chloride (4.74g, 0.06 mol.) 
was added dropwise with cooling and stirring. 	The mixture 
was stirred for a further lh. and then a solution of allyl 
magnesium bromide prepared from allyl bromide (36g, 0.3 mol.) 
and magnesium (21g, 0.9 mol.) in dry ether (100 ml.) was 
added. 	After stirring during lh. the mixture was 
hydrolysed by pouring onto ice/FIC1 and the product was 
isolated in the usual manner. 	The products as analysed by 
g.1.c. (60° ; Apiezon L) were 2_methylpent-4-en-2-ol (73.4%) 
and 4_methy1hepta-1,6-diefl-401 (26.6%). 	These were 
separated by preparative g.l.c. (30% SE30 at 120 0 ; 20 ft. 
xin.). 	The 2-methylpent-4-efl-2-ol was identical with 
that prepared from acetone and allyl magnesium bromide. 
The 4_methy1hepta-1 9 6-diefl-4-Ol differed from 2-methylpent-
4-en-2-o1 only in g.l.c. retention time and the fact that 
the methyl absorption in the n.m.r. spectrum appeared asa 
single sharp line integrating for three protons. 
2_TrideuteriOmetylPeflt-14-efl-20l was prepared as 
above from [ 2H3]methyl iodide and comprised 87.2% of the 
reaction product. 	The alcohol was purified as before. 
Its methyl absorption in the n.m.r. spectrum appeared as 
a single sharp line integrating for three protons only and 
the expected C-D stretching vibration at 2500 cm was 
present in the i.r. spectrum. 
12. 	Preparation p cis and trans4_TrideuteriOmetI!lPeflta 
1,3-diene - 	2_TrideuteriOmethylPefltaefl2o1 (2g, 0.02 
j_1 
mol.) was dehydrated by heating in dimethyl suiphoxide 
S 
(10.92g, 0.14 mci.) at 1600 during 16h. as previously 
described. 	Analysis of the hydrocarbon.distillate by 
g.l.c. (40 0 ; bis-2-methoxyethyiadipate) showed four 
components; 2-methyipenta-1,4-diene ( 27.0%), cis-2-
methyipenta-1, 3-diene (1.01%), trans-2-methylpenta-1,3-
diene (30.5%), and 4-methyipenta-1,3-diene (41.5%). 
The 4-methyipenta-1,3-diene was separated from the 
other products as previously described. 	Its n.m.r. 
spectrum (1M_CC1 1) was identical with that described 
earlier for undeuteriated 4-methylpenta-1,3-diene except 
that the broad methyl signal which integrated for three 
protons resolved into two singlets at g1•755 and 1.730 
on simultaneous irradiation of 3-H at 	5.74. 
13. 	Preparation of Methyl trans-3,3,7-TrimethyloCta- 
4,6-dienoate 9 - 	3-Methylcar-14-en-2-one (2.579 9 0.0157 
mol.) in dry ether (550 ml.) and methanol (7.5 ml.) was 
irradiated (X>300 rim.) under nitrogen at 15 in a Pyrex 
flask during lOOh. 	The irradiation was continued until 
all the 3-methy1car-4-en-2-one had reacted as judged by 
t.l.c. and g.1.c. (1L10 ° ; Apiezon L). 	The solvent was 
distilled and the product was purified by preparative 
g.1.c. (15% Carbowax 20M at 150 ° ; 7 ft. x 41 in.). 	The 
methyl trans-3,3,7-trimethylocta-4,6-diefloate had ))Max, 
(film) 1734, 1660, and 1243 cm, 	(cc14) 6.13 (two a, 
1H,5-H,J4 515,J5,6 10 Hz.), 5.73 br (d,1H,6-H,J5,6  10"  
6,Me25 Hz.) 5.56 
(d,1H,4-H,J4515 Hz.) 3.62 (8,3H, 
138 
CO 2
Me), 2.27 (s,2H,2-H2 )
1 
 1.78 br (s,GH,vinylic Me2 , 
Hz.), and 1.19 (s,6H,3-Me2). Simultaneous 
irradiation of the 6-H resonance at S 5.73 sharpened up 
the methyls at 9 1.78 into singlets. 
lLi.. 	Nuclear Overhauser Experiments on L.-Methylpenta 1,3- 
diene, 2-Methy1pent-2-efle
* 
 and Methyl trans-3 9 397-
Trimethylocta-4,6-dieflOate.- 	A 2 Or 4% filtered and 
degassed solution of the compound in either [ 2H6 ] benzene 
or CCl contained in a sealed n.m.r. tube was used. 	The 
solution contained a small amount of T.M.S. as an internal 
lock and a small amount of either methylene chloride or 
tetrachioroethafle as an internal standard. 	A preliminary 
experiment was carried to find the optimum irradiating 
voltage at either of the allylic methyls which would give 
the maximum enhancement of the 3-H (6-H in methyl trans-
3,3,7_trimethY1OCta-4 9 6-diefl0ate) absorption without the 
R.f. field perturbing the other methyl. 	The R.f. field 
was measured in m.V from an oscilloscope connected in 
* Prepared in an analogous manner to 4-methy1penta-1,3-
diene. 	The 2-methylpentafl--2-Ol was prepared from 1- 
bromopropafle and acetone and dehydrated by dimethyl 
sulphoxide to give 2-methylpent-2-efle, which was separated 
from the other dehydration product 2-methylpeflt-1-ene by 
preparative g.1.c. (30% SE30 at 450 ; 20 ft. xin.). 
139 
parallel with the R.f. oscillator and given, unless 
otherwise stated, as a peak to peak value. 	The Overhauser 
experiment itself was carried out by irradiating each methyl 
bsorptiofl in turn with an R.f. field of 40 m.V. and 
measuring at least 10-integrals of the 3-H (or 6-H) 
absorption and of the internal standard absorption for each 
position. 	The point of irradiation was then moved at least 
50 Hz. away from any absorption and the 10 integrals for the 
3-H (or 6-H) absorption and internal standard absorption 
remeasured. 	The integrals were measured at a sweep width 
of either 50 or 100 Hz. 	The Nuclear Overhauser effect was 
calculated from the ratio of the integrated intensities of 
the 3-H (or 6-H) absorption (corrected for the internal 
standard) with and without irradiation of the methyl proton 
absorption. 
The results are shown in the Discussion section  
15. 	Mixed Solvent N.M.R. Spectra 
of 4_Methylpen-1,3- 
diene and Methyl 	 - 
Solutions of _methylpeflta_1,3die 	(2%) and methyl tran- 
3,3,7_ jethyl oC ta 4,6d1oate (L.%) in CC1/C6H6 mixtures 
of known composition were prepared. 	The chemical shifts 
of both methyl absorptions were accurately measured for 
each solvent composition, with simultaneous irradiation of 
the 3-H at 9 5.70 in the case of 4_methylpeflta1,3die 
and with simultaneous irradiation of the 6-H at 9 5.73 in 
the case of methyl trans_3,3,7_trimethY]Octa_14,6_d0ate 
The n.m.r. spectrum of 4_methylPeflta-1 9 3diefle in 
11 
1140 
benzene showed the following absorptions: 9 6.56 {m,lH, 
2-H,J2310.3(lit. 88 9. 6 -13.14), J1,2 16 (lit. 88.  
19.1), and J1,2 	10.2 (lit. 
88  11.6 Hz.) ] 	5.85 br 
(d,lH,3_HJ13O 6 J3Me i 7  Hz.), 5.08 [m,lH,l-H cis to 
2-H,J gem  2.2 (1±t.882.5),J1 Me°'5 Hz.] 14.96 (m,1H,1-H, 
trans to 2_HJ1,Me9s5 Hz.), 1.58 and 1.53 (two m,6H,Me2 
3,Me°"7 and J 1,Me°5 
 Hz.). 	Simultaneous irradiation 
of the 3-H at 9 5.85 was necessary to show all the 
couplings. 
The n.m.r. spectra of 14-methylpenta-1,3-diefle from 
the thermal rearrangement of 5,5,5-trideuterio-4-
trideuteriomethylpeflta-1,3-diefle, the mixture of cis - 
and trans-14-.trideuteriomethylpeflta'-1, 3-diene (as prepared 
previously), and undeuteriated 14-methylpenta-193-diefle 
were recorded at similar concentrations in a 50:50 mixture 
of 0C114 and C6H6 with simultaneous irradiation of the 3-H 
proton. 	The chemical shifts of the methyl absorptions 
were accurately measured. 	The 14-methylpenta-1,3-d.iene 
from the thermal rearrangement of 5,5,5-trideuterio-4-
trideuteriomethylpenta-1,3-diene showed five lines at 
£1,625, 1.6014, 1.582, 1.562 and 1.539. 	The mixture of 
cis- and trans_14-trideuteriomethylpeflta-1 , 3-diene showed 
two lines.-at 	1.667 and 1.627, while 14-methylpenta -1 ,3- 
diene also showed two lines at 9 i.676 and 1.6143. 
Solvent' Methyl tra-3,397-tri 4-Methylpeflta- 
(C06 :CC14 v/v) metbylocta_416_dienbate 1,3-diene 
Low field 	High field Low field High field 
Me Me Me Me 
(g) () (S ) () 
5;0 1.642 1.613 1.591 
1.542 
1.658 1.628 1.632 1.587 
3:2 1.678 1.649 1.660 
1.619 
2:3 1.697 1.672 1.691 
1.657 
1.712 1.692 1.726 1.698 
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The Photochemical Transformation of 3-Methylcar-4-en-2-one into 
Derivatives of 3,3,7-Trimethyiocta-4,6-djonoic Acid. Revised Stereo-
chemical Assignments 
By A. J. Bellamy 'and W. Crilly, Department of Chemistry, University of Edinburgh. West Mains Road, Edinburgh 
EH9 3JJ 
The stereochemical assignments made by Baldwin and Krueger for the photochemical transformation of 3-methyl-
car-4-en-2-one into derivatives of 3.3.7-trimethylocra-4,6-dienoic acid have been reinvestigated and revised. 
The stereochemistry of alkylatiori of eucarvone to give 3-alkylcar-4-en-2-one derivatives was found to occur as 
expected, from the least hindered face of the intermediate anion. Differentiation between the two methyl oroups 
of 4-methylpenta-1.3-diene by n.m.r. spectroscopy (chemical shift difference 002 ppm) was accomplished by 
utilising the thermal (1.5] hydrogen migration in 5.5.5-trideuterio-4-trideuteriomethylpenta1 .3-diene. 
THE photochemical transformation of 3-methvlcar-4-en-
2-one (Ia) into derivatives of 3,3,7-trimethylocta-4,6-
dienoic acid (II), first reported by Bellamy and Whit-
ham,' has been further studied by Baldwin and Krueger 
to determine the stereochemical changes involved in this 
reaction, viz, the stereochemical relation between the 
methyl groups at C(3) in the ketone (Ia) and the vinylic 
methyl groups in the derivatives (ha) or (JIb). How-
ever, the stereochemical assignments in deuterium-
labelled starting material and product made by the latter 
workers appeared to us to be unreliable and we have 
therefore re-examined these assignments. In this paper 
we present evidence which demonstrates that the 
stereochemical assignments for the labelled starting 
material sh.uld be reversed, and that those for the 
labelled product are uncertain. 
R' R2 
'I 	 R1 	R2 
co.x I Me 
Me 	 Me 	Me 
( I ) 	 (U) 
R1 =R'=Ale a; R1 =R2 '= Me. X= 
R' = PhCH 3, R2 = Me 	C1H 11NH 
R' = Me, R 2 = PhCH3 b; R 1 = R' = Me, X = MeO 
R1 = CD 3, R2 = Me 	C; R' = Me, R' = CD, X = 
R1 = Me, R2 = CD, MeO 
d; R1 = CD3, R' = Me, X 
MeO 
To determine the stereochemical origin of the vinylic 
methyl groups in the ester (lib), Baldwin and Krueger 
prepared 3-rnethvlcar-4-en-2-one stereospeciflcaulv 
labelled with a trideuterioniethvl group. This was 
accomplished by (a) alkylation of the enolate ion of 
eucarvone (2,6,6-trimethvlcvclohepta-2,4-djenon& with 
trideuteriomethyl iodide, and (b) alkvlation of 2-tn-
deuteriornethvl-6,6-di met hvlcvclohepta-2,-t-djenone with 
unlabelled methyl iodide. Formation of 3-methvlcar-
4-en-2-one probably occurs by alkvlation of the enolate 
ion of car-3-en-2-one (37.7-tnmethvlbjcvcio4,1,0 - hept- 
A. J. Bellamy and G. H. \Vhithm. f. Chem. Soc., 1964. 4035. 
J. E. Baldwin and S. M. Krueger, J. .j)ier. Chem. Soc., 1969, 
91, 2396.  
3-en-2-one), the valence tautomer of the enolate ion of 




(ItE) 	 (ry) 	(I) 
SCHEME 1 
The n.m.r. spectrum (CC1 4 solution) of unlabelled 
3-methylcar-4-en-2-one shows four singlets for the 
methyl absorptions, at 8 1'25, 1'07, 1'03, and 0.95 p.p.m. 
from tetramethylsilane. Alkylation of unlabelled eucar -
vone with trideuteriomethyl iodide gave metliylcarenone 
which gave no signal at S 1'07 p.p.m., whereas alkylation 
of labelled eucarvone with unlabelled methyl iodide gave 
methylcarenone which gave no signal at S 103 p.p.m. 
Thus the n.m.r. signals with the smallest chemical shift 
difference are those due to the methyl groups at C(3). 
Baldwin and Krueger assigned the signals at S 1'07 and 
103 (102 in ref. 2) p.p.m. to the endo- and exo-methyl 
groups, respectively, because the endo-methyl group lies 
near the plane of the carbonyl group. 
If this assignment is correct, then alkvlation of the 
bicyclic ion (IV) must occur exclusively from the most 
hindered face of the molecule. We think this extremely 
unlikely when one face of the enolate ion is unhindered 
and the other is hindered by one of the methyl groups at 
C(7). Thus, we feel that stereochemical assignment on 
the basis of such a small chemical shift difference is 
unreliable, especially when ether considerations are 
overwhelmingly opposed to it. In any case, these 
assignments are inconsistent with those made for 
2,2-dimethv1-4-t-butylcvclohexanone, in which the ab-
sorption at highest field is assigned to the equatorial 
methyl group. 4 
We have now demonstrated that alkvlation does in 
fact occur from the least hindered face of the enolate ion 
by comparative n.m.r. studies using 3-methyl- (Ta) and 
(a) E. J. Corey, H. J. Burke. and W. A. Rerner, J. Amer. 
Chem. Sec.. 1956. 78, ISO: (h) E. J. Corey and H. J. Burke. 
:bid., P. 174. 
I B. J. L. Hun, F. N. Tuller. and D. Caine, J. Org. Chem., 
1969, 34. 3070. 
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3-benzyl-car-4-en-2-one (lb). If alkylation with benzyl 
chloride occurred from the most hindered face of the ion, 
compound (Ic) would be the product, with the benzyl 
group cis to the cvclopropane ring, whereas if alkvlation 
occurred from the least hindered face, compound (lb) 
would be the product, with the benzyl group trans to 
the cyclopropane ring. In the n.m.r. spectrum of 
compound (Ic) we might expect the phenyl group to 
shield the endo-methyl group at C(7), but in compound 
(Ib) there should be no such effect. 
Preliminary examination of the n.m.r. spectra of CC1 4 
solutions of 3-methyl- and 3-benzyl-car-4-en-2-one shows 
that the chemical shifts of the methyl absorptions are 
very similar in both compounds. However, the chemical 
shifts of the cyclopropyl protons at C(1) and C(G) in 
benzylcarenone are 040 p.p.m. upfield from those in 
phenyl group. It ifl. 	fr •:: 1.l(iwirl and Krueger's 
results that flw fl:ttj vj r,i::, at T7) are those with the 
largest chemi. - i 	 1.251 and 0949 
p.p.rn. in CO 1 .rptions in methyl- 
carenone are vjrtui'' i:• 	of concentration). 
We assign tlI.e 	, 	., c.vo- and endo-methyl 
groups at C(7 j rut tiv.•lv. 	the ;:do-meth3'l group 
lies above the p1 t: 	I •tL IlL' h'uble bond and the 
carbonyl group, i::I w. 	terefore be the most 
shielded. The mij,v1 • - t C(7), which has the 
largest upheld hiitipa j) 	from methylcarenone to 
benzylcarenoj 	i m f.Ict the one which absorbs at 
1'251 p.p.m., the 	O-flktiIyl ruup at C(7), as antici- 
pated (A 0-11 (; ppm. 
The assinrncijt -,1 tru-tnrc (Ib to 3-benzylcar-4-en-
2-one strongly su.'st. that alkvlation of the enolate 
ion (IV) occurs, as expectcd. from the least hindered face 
of the molecule. Thus, alkvlation with trideuterjo-
methyl iodide would zive compound (Id), and not (Ic) as 
previously reprted. irnilarlv, alkylation of 2-ti -i-
deuteriometh'lG ,f -(I inlet hvlcvclohepta-2,4-dienone with 
undeuterjated methyl iodide would give compound (le) 
and not (Id)4 
The configurational as'.itnments for the photocleavage 
products (lic) and (lId) are also based on rather 'un-
reliable evidence. The vinvlic methyl groups in the 
undeuteriated diene (lib) absorb at & 1'734 and 1-718 
P.P.M. (Cd 4  solution) in the n.m.r. spectrum. The 
signal at lowest field was assigned to the methyl group 
trans to 6-H on the basis that it would be more de-
shielded by the unsaturated system than the cis-methyl 
group.2 
To test this argument we havc studied the n.m.r. 
spectrum of 4-nlcthvlpenta-1,3djene (V). The two 
ppm. from tetromethyhilan 
130 120 	110 100 040 000 010 
(4) IdH b.	 1 	Cd1. 
Us, 
I 	 I Obli 	 I 	1 CH 
(Is) 
J (C0 312 C0 b)' fi 	 I 
(10) 
fib)! 	 H 	 1 MeOH 
ppm. from tetromethylsilane 
190 l0 	170 	160 	150 140 130 	120 1.10 	100 
IN Ob)F 	 I III ' II 	 I cci 
abil
S 	II 	 1 11 1 I i i 
Ila) I 	 II 	I 	 (CO3)2C0 
l 	I 	II 	U 	
I I 	 ii 	 I MeOH 
Methyl (A) and cyclopropyl (B) proton n.m.r. absorptions 
of 3-methyl- (Ia) and 3-benzyl-car-4-en-2-one (Ib) 
methylcarenone. A more quantitative evaluation of 
these effects was obtained by comparison of the chemical 
shifts of absorption due to both methyl groups and 
cyclopropyl protons in four solvents extrapolated to 
infinite dilution (Figure). 
These observations argue strongly in favour of (Ib) 
being the structure of 3-benzylcar-4-en-2-one, and 
against structure (Ic). In structure (Ic) the phenyl 
group would be unable to adopt a position in which it 
would shield the cyclopropyl protons. In contrast, 
structure (Ib) can adopt a conformation in which the 
cyclopropvl protons lie directly above the plane of the 
aromatic ring.* Furthermore, in this conformation the 
exo-methyl group at C(7) is also likely to be shielded, but 
to a smaller extent as it is further removed from the 
• The methylene protons above the plane of the aromatic ring 
in paracvciophanes show an upfield shift, relative to cyciohexane, 
of 053, 0'S, and l p.p.m. for [12]-, 6*[10], 5 .56 and [Oj-paia-
cyclophane, respectively. 
41 -  The results of arproximate shielding calculations (C. E. 
Johnson and F. A. Bover. . C1;c;n. P/i3s., 1958, 29. 1012: J. W. 
Ernslev, J. Feeney, and L. H. Sutcliffe, I!ih Resolution Nuclear 
Magnetic Resonance Spectroscopy, ,  Pergamon, Oxfor(l. 1965
' 
 
vol. 1. p. 595) support our interpretation of the observed n.m.r* 
spectra of compounds (Ia) and (114, although we do not wish to 
place too much emphasis on these as the exact conformation of 
the phenyl group in compound (Ib) is uncertain. 
H3C.....C}43 	 03C 	C83 
H)XH 
(31') 	 (Id) 





H 	 H  
(Ye) 	 (It) 
methyl groups in the diene (V) absorb at a 1•754 and 
1.734 ppm. (CCl i  Solution). To observe the two 
sin giets it is necessary to spin-decouple 3-H. 
These conclusions are valid even if the bicyclic ion (IV) is 
not an intermediate in the formation of COInpount (P from the 
monocvciic ton (III). ic. if ring bridging and alkyfation occur 
simultaneously. 
(a) J. S. \Vaiigh and R. W. Fessenden, J. •4,':er. Chemn. Soc., 
1957, 79, S46; (b) D. J. Cram and Al. Goldstein, ibid., 1963, 85. 
1063. 
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One possible way to distinguish between the two 
methyl absorptions is by an NOE experiment. 6 Irradi-
ation at the absorption frequency of the methyl group 
cis to 3-11 should give increased intensity to the 3-H 
absorption, whereas irradiation at the absorption 
frequncy of the trans-methyl group should give little 
change in the intensity of the 3-H absorption. However, 
such an experiment is difficult to perform at present 
owing to the very small chemical shift difference between 
the two methyl absorptions. We therefore turned to a 
chemical means of distinguishing between them. 
Frey and Ellis have shown that 4-methylpenta-1,3-
diene, on heating in the gas phase, equilibrates with 
cis-2-methylpenta-1,3-diene (VI) by a reversible, uni-
molecular [1,5] migration of hydrogen. 7 Only the 
methyl group cis to the carbon chain (trans to 3-1I) would 
be involved in this reaction, and we have therefore 
studied this reaction using 4-methylpenta-1 ,3-diene with 
both methyl groups fully deuteriated. In the course of 
the equilibration of this molecule (Scheme 2), the cis-
methyl group would incorporate 1H atoms from C(l), 
H atoms being transferred to C(1), and would therefore 
absorb in the 'H n.m.r. spectrum; the trans-methyl 
group would remain fully deuteriated and would not 
appear in the n.m.r. spect rum.* The [1,5] migration of 
hydrogen in cis-penta-11 ,3-dine has been studied by use 
of deuterium labelling in a similar manner. 8 
g.l.c. and analysed by 'H n.m.r. spectroscopy. With 
simultaneous irradiation of the 3-H proton, the methyl 
absorption of the mixture appeared as five lines at 
8 1-729, 1708, 1-686, 1-667, and 1-643 p.p.m. This 
analysed for a 1: 1: 1 triplet for compound (Vc), 
centred at 6 1-708 p.p.m., and a 1: 2 :3 : 2: 1 quintet for 
(Vb), centred at 6 1-686 p.p.m. The geminal 'H-'H 
coupling constant was Ca. 2-1 Hz in both compounds 
(Vb) and (Vc) (cf. 2-3-2-4 Hz for -CHD'CO-, -CO'CH.D, 
and -CO-CI-ID, in partially deuteriated butan-2-one 9a), 
and the chemical shift difference was 0-022 p.p.m. 
Simulation of Scheme 2 on an analogue computer 
using the known rate constants for [15] hydrogen 
migration in this system, 7  and a primary kinetic isotope 
effect of 4.4,8  gave a plot of the concentrations of all six 
species against time. From these data we calculated 
the abundance of each species after five half lives [(Va) 
(126), (Vb) (54-2), (Vc) (23-8), (VIa) (3:2), (VIb) (5.5) 
and (VIc) (0.9%)]. After complete equilibration (ten 
half-lives) the abundance of each species was (Va) (9.2), 
(Vb) (53-8), (Vc) (26.7), (VIa) (3.2), (VIb) (6.0), and 
(VIe) (1.1%) (assuming no isotope effect on the ground-
state energies). Using these data for the relative 
abundance of compound (Vb) and (Vc) after five half-
lives i.e. 2-28 : 1, the relative intensities of the five lines 
in the 111 n.m.r. spectrum should be (from low to high 
field) 3-6, 4-6, 5-6, 2-0, and 1-0. The observed spectrum 
was in fair agreement with these values, although exact 
integration was not possible. 
To relate the chemical shifts observed for the methyl 
absorption in compounds (Vb) and (Vc) to the methyl 
absorption in undeuteriated 4-methylpenta-1,3-diene, it 
is necessary to correct for the isotopic shifts caused by 
deuterium, both geminal and in the adjacent trideuterio-
methyl group, in compounds (Vb) and (Vc). 
It is known that successive substitution of deuterium 
for hydrogen in a methyl group causes an upfield shift 
in the signals of the remaining proton(s), and that the 
shift caused by the second deuterium atom is equal to 
that caused by the first. 9 It therefore follows that 
since compound (Vb) absorbs at higher field by 0-022 
p.pm. than compound (Vc), trideuteriomethv1-cis-
penta-1,3-diene (Vd) would absorb at 0-022 p.p.m. down-
field from compound (Vc) i.e. at 8 1-730 p.p.m. 
In order to compensate for the effect of the adjacent 
trideuteriomethvl group on the chemical shift we 
prepared a mixture of 4-trideuteriomethv1-cis-penta-
1 ,3-diene (Vd) and 4-trideuteriomethvl-trans-penta-1 3-
diene (Ve) (see Experimental section). With simul-
taneous irradiation of the 3-H, the methyl absorption of 
the mixture appeared as two sinlets at 8 1-753 and 
1 -7 30 p.p.m. (CCI 4  solution). At the same concentration 
in Cd 4 , and with simultaneous irradiation of 3-H, the 
R. A. Bell and J. K. Saunders, Canad. J. Chcm., 1070, 48. 
1114 and references therein. 
H. 31. Frey and R. J. Ellis,  1. C;n. Soc., 1905. 4770. 
a W. R. Roth and J. Koni, AnuaZn, 1966, 699, 24. 
(a) 0. S. Tee and J. Warkentin, Ca:ad. J. Cuz., 1965. 43, 
2424; b) G. J. Martin, 3r.-T. 0uemerletir, and M. L. Martui, 
Bu!!. Soc. cl!f;n. France, 1970. 4052; (c) P. Laszlo and Z. Weirart, 
ibid., 1066, 2412. 
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SCHEME 2 
5.5,5-Trideuterio-4-trideuteriomethvlpenta-1 ,3-diene 
(Va) was heated in the gas phase at 250° during five 
hall-lives (ti 56 min at 2500  was calculated from data 
given by Frey and Ellis ' 7  assuming a primary kinetic 
isotope effect of 4-4 for all [1,5] hydrogen transfer steps; 
1.15 cxp 14001'RT for cis-penta-1,3-diene 8) 
After this time the product was a mixture of compounds 
(V) (90.40/) and (VI) (96%). The mixture of com-
pounds (Va), (NI), and (Vc) was isolated by preparative 
Interconversion of the two meth yl groups in 4-methvlpcnta-
I.3-diene is unlikely to occur to a sniricar.t extent under our 
reaction conditions since <2 1 of trans-2-rnethvipcna-1,3-diene 
Was formed during equilibration for 10 half-lives.' Se also 
H. M. Frey, A. -Al. Lamont, and R. Walsh. Chem. Comm., 1970, 
1393. 
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diene (V) absorbs at 8 1-754 and 1'734 p.p.m. Thus, the 
trideuterioniethyl group causes upfield shifts of (}OOL 
and 0-004 p.p.m.* Using these values, the absorption 
of the cis-methyl group in undeuteriated 4-methvlpenta-
1,3-diene (V) is calculated to occur at 8 1-731 or 1-734 
p.p.m., in excellent agreement with the observed value 
for compound (V) (6 1'734 p.p.m.). The singlet at 
8 1-754 p.p.m. in the spectrum of the diene (V) must 
therefore be due to the methyl group which is trans to 
the carbon chain. 
These assignments are the reverse of those given by 
Baldwin and Krueger 2  for compound (lib). Although 
compound (lib) contains an ester group, the latter is 
well removed from the vinvlic methyl groups and any 
intramolecular shielding or deshielding effect due to the 
ester group is expected to be very small. -' Any inter-
molecular effect will also be small.' Thus the assign-
ments made by Baldwin and Krueger for the ester (JIb) 
may also need to be reversed. However, the presence 
of an alkyl substituent, i.e. C(3) in the ester (JIb), which 
is absent in the diene (V) may have a small, but in this 
case significant, effect upon the position of the methyl 
group absorption. The decision is therefore less un-
ambiguous in this case than for methylcarenone (Ia). 
While the results of Baldwin and Krueger 2 show 
conclusively that the transformation of compound (Ia) 
into the ester (JIb) occurs in a highly stereoselective 
manner, and that rotation about C(5) -C(6) has to occur 
in the direction shown in (VII) [rotation of C(6) relative 
to C(5)] to produce a trans-double bond in compound 
(JIb), the direction of rotation about C(3)-C(4), i.e. 
conrotatory or disrotatory with respect to movement in 
the C(5)-C(6) bond, depends, respectively, upon whether 
their configurational assignments in the ester (JIb) are 
correct, or need to be reversed. 
Alk"lation of Eucarzone._Eucaryot,e 3 ' (5 9 g, 0033 mol 
was added dropwise under nitrogen to a stirred slisper.ior 
of sodium hydride (1(;7 g, .i'ijt noI) in dry dioxan (23 ml) 
and the mixture was heated under re'tlux during 2 h. Afte, 
cooling to 20°, dry alkyl halide (.05 mol) was added and 
stirring was continued durinz a further 2 h. The excess ol 
sodium hydride was destrove,l by careful addition of acetic 
acid, the mixture was poured into brine (200 ml), and the 
product was extracted with ether (2 x 50 ml). The 
ethereal solution was va.hd vxth aqueous sodium hydrogen 
carbonate and water, dried (MgSO 1), and concentrated to 
give the crude product. 
Alkylation with methyl iodide gave a mixture consisting 
mainly of 3-methylcar-4en.2one and 2.66.7-tetramethyl-
cvclohepta-2,4-dienone (4 : 1, The products were separ- 
ated by preparative -.I.e. (15° c Carbowax 20M; 6 it x in; 
100°; He carrier gas). 
The 3-methv1carenone had 	(film) 1695 cm', 8 (Ccl,) 
5•72 (two q, 5-H as the X part of an ABX system, 
J4, 
100 Hz), 548 (d, 4-H), l'GG (in, 2H, 1- and 6-H as the AB 
part of an ABX system, J, 6'8, J58 4'0,  J1 0'8 Hz), 
124, 1.00, 103, and 0.95 (four s, 3-,3-,7-, and 7-CH 3). 
2,6,6, 7-Tetramethvlcvclohepta2 4-d ienone 	had 
1660 cm', (EtOH) 304 nni (cf. eucarvone, ref. 3b), 
6 (CC!,) 6'35 (in, 3-H), 5'75 (in, 4- and 5-H), 2-42 (q. 7-11, 
J7.3te 74 Hz), 1'90 (d, 2-CH,, J3.Ie 13 HZ), 1-05 (d, 7-CH 3 , 
J7, 7'4 Hz), i'll and 1'04 (two s, 2 X 6-CH 3 ) (cf. 
eucarvone 11) 
Alkvlation with benzyl chloride gave 3-benzylcar-4-en-
2-one (4.5 g, 48%), b.p. 92940 at 0-06 mxnHg (lit., 36 
117-119° at 1 rnmHg), v , (film) 1690, 1608, and 1006 
CM-1 (lit,,3b 1695, 1611, and 1004 cm-'), (EtOH) 290-nm 
(log e 2'00) [lit.," 290 nm (loge 2'05)], 6 (CD,) 7-1 (m, 511, 
phenyl), 5'8 (two q, 5-H as the X part of an ABX system, 
J45 10'0 Hz), 5-38 (d, 4-H, J, 10'0 Hz), 2-88 and 2'50 (two 
d, 2H, CH,Ph, Jgen 13-0 Hz), 1'28 (m, 2H, 1-and 6-H as the 
AB part of an ABX system), and 1'20, i'll. and 0'99 
(three s, 3-CH 3 and 2 x 7-CH3), as the only product. 
Preparation of 4-1 1etlzylPcnta-1,3-dje,e by Dehydration of
2-Methylpent 4_en .2.o1._2.rethv!pent.4.en.2.o1 was pre- 
pared by the addition of ailvimagnesium bromide to 
acetone. 12  The product (71%), b.p. 44° at 27 mmHg (lit.," 
46-46'5° at 30 mmHg), was shown to be pure by g.l.c. 
The alcohol (2.0 g) was dehydrated by heating a solution 
in dimethvl sulphoxide (10 ml) under rerlux during 14 h. 1 ' 
The dehydration products were then distilled from the 
reaction mixture and collected in a receiver at -800 . 
Analysis by g.l.c. (40 ° ; bis-2-methoxyethyl adipate) 
showed the product to be a mixture of four dienes (in order 
of elution), 2-methvlpenta- 1 .4-diene (31-8), cis-2-methvl- 
penta- 1 ,3-dienc (1-4), trans-2-methy!penta 1,3-djene (23.9), 
and 4-methvlpenta-1,3-diene (42.9%). 
trans - 2-Methvlpenta13diene was removed from the 
mixture by the formation of its adduct with maleic an-





N.m.r. spectra were deter -mined using a Varian HA 100 
spectrometer (8 in p.p.in.). G.l.c. analyses were performed 
on a column (50 m x 0'25 mm i.d. capillary) coated with 
Apiezon L, except where otherwise stated. 
* In compounds (LIb)-(lId) the shifts are 0'002 and 0.006 
ppm.2 
f For methyl cis-2.6-(limcthvlhepta35.dienoat e in which the ester group can get close to the viiivlic methyl groups, the latter absorb at 1'7S and 171 p.p.rn. whereas for the trans-isomer, in 
which the ester group is vell removed, they absorb as a single peak at & 170 p.p.m. (5-H was not simultaneously irradiatcd).iO 
Admixture of an euiniolar quantity of methyl 3-methyl-
butanoate with 4.rncthvlperlta.1 3-diene causes a downfield shift 
in both methyl signals of 0'002-0'003 p.p.ni.  
'° P. M. Collins and H. Hart. f. C/ira,. Soc. (C), 1967. 1197. 
11  A. A. Bothner-By and E. Moser, J. Amer. C/zeta. Soc., 196S, 90, 2347. 
12 H. It Henze, B. B. Allen, and W. B. Leslie, J. Org. C/iem., 1942, 7, 326. 
13 V. J. Tra'nclis, W. L. Fcrgenrother, J. R. Livington, and 
J. A. Valicenti, .J. Ore. Chem., 1962, 27, 2:177; V. J. Traynelis, 
W'. L. Herenrother, H. T. Hanson, and J. A.  Valicenti, ibid., 1964. 29. 123. 
18  G. B. Bachman and C. G. Goebel, J. Amer. Chem. Soc., 1942 64. 787. 
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399 was treated with rnaleic anhyrid e  (10 g) and a trace of 
bydroquinorie during 3 days. The solvent and remaining 
dienes were distilled from the mixture and separated by 
preparative g.l.c. (30% SE 30 at 80; 20 ft x in). 
The n.m.r. spectrum (CCI 1) of 2-methylpenta14diene 
showed the following absorptions: 85.7 (m, 4-H), 50 (two 
m, -12), 4.7 (m. 1-11 2), 2-7Obr (d, 3-H2, 
J34 7 Hz), and 1.70 (m, 2-11e). 
The n.m.r. spectrum (Cd 1 ) of 4-methy1penta13dien 
showed the following absorptions: 8 6-4 (two overlappinf 
t, 2-H, J23 105, J12 17 and 10-5 Hz), 574br (d. 3-H. 
J2. 10-5 Hz, further coupled to Me group). 49 (m, 1-H e), and 
182br (s, Me). Simultaneous irradiation of 3-H at '8 574 
resolved the methyl absorption into two singlets at 6 1-754 
and 1-734. The spectrum was identical with that given by 
a sample of 4-methylpenta1 3-diene prepared by a different 
route. -,,14  
5,5,5- Trid euIerio_ 4 tridejgjerjometh ,ipen(a 1, 3-diene. - The 
method of synthesis was identical with that for the un-
deuteriated diene already described. However, dehydration 
of [2H61-2-methylpeflt4..en9ol prepared from allylmag 
nesiurn bromide and [ 2 1 -1]acetone, gave a different ratio of products [ 2-methylpenta.14diezie (16.6), CiS-2-niethyl.. 
penta-1,3-djene (18), lvans2metIiylpen 1, 3-diene (20.5), 
and 4-methylpental3djene (61.1%)]. 2-Methylpenta 
1,4-diene and 4-methylpenta-1,3-diene were isolated as 
before. 
The n.m.r. spectrum (Cd 1) of 1, I-dideuterio_2trjdeuterio.. 
methylpenta*1,4di differed from that of the undeuterj-
ated compound in that absorption due to the methyl group 
at C(2) and the protons at C(1) was absent, and that due to 
the protons at C(3) now appeared as a doublet of triplets 
(J3 70, J3.6 1-2 Hz). The n.m.r. spectrum (CC],,) of 
5,5,5-trideutei-jo-4 trideuteriomethylpent a  1, 3-diene showed 
no methyl absorption, and 3-H appeared as a sharper 
doublet. 
Thermal Rearrangement of 5,5,5- Trideuterio_4..jyjdej€jeyjo_ 
reaction vessel (240 ml), con-
taining the deuteriated diene (0-240 g), was cooled to 1960 
and sealed at 0.1 mmHg pressure. The diene was heated 
at 250-260° during five half-lives (see Discussion section). 
Analysis of the product by gi.c. showed two components 
cis-2-methylpenta 1 3-diene (9•6%) and 4-methvlpenta 1,3-
diene (90.401.), with a trace of trans- 2methylpeflta13 
diene. The products were separated by preparative g.l.c. 
as described previously. 
The n.m.r. spectrum (hi in CC,) of the separated 4-methyl- 
showed the following absorptions: 8 64 
(m, 4-H), 57 (d, 3-H), 49 (m, 5-H.), and 17 (m, Me) (ratio 
1-00: 1-00: 097:1-31) The chemical shifts of the lines in 
the multiplet due to the methyl protons were 8 1•739, 1724, 
1718, 1701, 1.695, 1680, 1'663br, and 1640 On simul-
taneous irradiation of the H-3 absorption at 8 5.7, the 
multiplet collapsed to five lines at 8 1-729, 1•708, 1636, 
1667, and 1.643. The intensity ratios were in agreement 
with the expected values (see Discussion section) Un-
deuteriated 4-methylpenta- I, 3-diene, at the same concen-
tration in Cd 4  and with simultaneous irradiation at 6 
showed two singlets at 8 1754 and 1-734 for the methyl 
groups. 
Preparation of cis- and trans-4- Trideuteriomeijivipenta 
13diene._Trideuteriomethylmagnesium iodide [0056 mol; 
from [2H 3]methyl iodide (0-06 mol)] in ether (150 ml) was 
treated with anhydrous cadmium chloride (0028 fbi) and 
the mixture was stirred at 25° for 1 h before addition of 
acetyl chloride (0.037 fbi) with cooling and stirring. The 
mixture was stirred for a further 1 h at 25° before addition 
of allvlmagneSium bromide [from ailvi bromide (0-2 niol)] 
in ether (150 ml). After being stirred for 1 h, the mixture 
was hydrolysed by pouring on to ice-dilute hydrochloric 
acid and the product was isolated. The products, 4-methvlpentIerl4ol(87 01 ) and 4-methvihepta16dien 4o1 
(13%) were separated by preparative g.l.c. (30% SE 30; 
120°). The n.m.r. spectrum of the purified 4-trideuterjo_ 
methylpent l-en-4-ol was as expected, the methyl absorption 
appearing as a single sharp line, integrating for three 
protons. 
The purified alcohol (2.0 g) was dehydrated by heating 
in dimethyl sulphoxide (10 ml) at 160° during 16 h.13 
Analysis of the hydrocarbon distillate by g.l.c. (40°; 
bis-2-methoxyeth1 adipate) showed four components, 
2-methvlpenta 1, 4-diene (27-0), cis -2-methylpenta.. 1, 3-diene (1-0), trans 2 metlwlpenta_1,3-diene (30.5), and 4-methyl-
penta-1.3djene (41.5%). 
The 4-methylpenta1,3diene was separated from the 
other products as previously described. Its n.m.r. spectrum 
(hi in Cd 4) was identical with that described earlier 
for undeuteriated 4-methvlpenta I .3-diene. Simultaneous 
irradiation of 3-H caused the broad methyl signal to resolve 
into two singlets at 8 1755 and 1730. 
We thank Mrs. M. Groves for the n.m.r. spectra, and one 
of us (W. C.) thanks the S.R.C. for a studentship. 
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The Stereochemical Course of the Photochemica]. Transformation 
of 3-Methylcar-4-en-2-one into Derivatives of 3, 3, 7-Trimethylocta-
4,6-dienoic Acid. 
* 
By A.J.Bellay and W.Crilly, 
(Department of Chemistry, University of Edinburgh, West Mains Road, 
Edinburgh, EH9 3JJ). 
Summary. Differentiation between the two vinylic methyl 
groups of methyl trans-3, 3, 7-trimethylocta-4, 6-dienoate 
by 	their Nuclear Overhauser Effect upon 6-H 
completes an elucidation of the stereochemical course of 
the photochemical transformation of 3-methylcar-4- en- 2-
one (Ia) into ha. The observed stereochemical course 
is rationalised by a non-concerted rearrangement of the 
diradical formed from Ia by a-cleavage, in which mini- 
misation of non-bonded interactions is a controlling factor. 
IN a recent paper '  we have shown that the stereochemical assignments 
made by Baldwin and Krueger 2 for the photochemical transformation of 
3-rnethylcar-4-en-2-one (ha) into derivatives of 3, 3. 7-trimethylocta-
4, 6-dienoic acid (II; R 1 R 2 Me) were based on unreliable evidence. 
2 
We showed that the stercochernical assignments for deuterium labelled 
I were incorrect, and that those for the deuterium labelled methyl 
ester of II (Ha; R 1 =R 2 =Me; X=OMe) were unreliable. After further 
n. m. r. studies on ha and 4-methylpenta-1, 3-diene (III) we can now 
say that the stereochemical assignments made for deuterium labelled 
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In order to observe separate signals for each of the vinylic 
methyl groups in the n. m. r. spectr 
urn 
 (CC14 solution) of ha it is 
necessary to simultaneously irradiate the olefinic proton at C(6). 
Under these conditions the vinylic methyl signals are separated by 
1.6Hz (. 734 and 1. 718 p.  p.m.  ). 	One possible method of assigning 
these absorptions is by an NOE experiment. 	Irradiation at the 
absorption frequency of the methyl group cis to 6-H should oe 
increased intensity ri the 6-H absorption, whereas irradiation at the 
absorption frequency of the trans-methyl group should little change 
3 
in the intensity of the 6-H absorption. However, the very small chemical 
shift difference between the two vinylic methyl groups makes such an 
experiment difficult. 
The NOE experiment becomes feasible on changing to benzene 
as the solvent, as the chemical shift difference between the two vinylic 
methyl groups increases to 2. 9Hz and simultaneous irradiation of 6-H 
is not necessary to observed two signals. 	Using a 4% (w/v) solution 
of ha in [ 2H6 ]benzene and a low irradiating power (see Experimental) 
we observed a 15. 6+7. 6% increase in the 6-H absorption on irradiating 
the low-field methyl absorption ( 1. 642) and a 7. 6±7.  8% increase in 
the 6-H absorption on irradiating the high-field methyl absorption 
(91.613). (The probability of the two enhancements being equal is 
1. 2%, and the probability of the smaller enhancement being equal to 
zero is 0. 75%4)• Since the largest increase occurred when the 
/ An NOE study of the conformation of 2-acetylfurans, in which the 
separation between the two irradiation frequencies was 5-6Hz, has recently 
been reported by K. -I. Dahlquist and A. R. Hornfeldt, Tetrahedron Letters, 
1971, 3837. 
This is not a maximum NOE as the irradiating power level was kept 
low to minimise simultaneous irradiation of the high-field methyl absorp-
tion. The 7. 6% increase in the 6-H absorption on irradiating the high-
field methyl absorption is probably due to unavoidable overlap of the 
irradiating band with the low-field methyl absorption. 
I 
4 
irradiating frequency was centred on the low-field methyl absorption, 
this methyl group must be cis to 6-H (R 2 in II). Thus, in benzene 
solution, the absorptions at 'al. 642 and 1.613 are assigned to the 
vinylic methyl groups cis and trans to 6-H respectively. To relate 
these assignments to the absorptions observed in CC14 solution we ran 
spectra of ha in several C 6 H6 -CC14  mixtures. There was no 'cross-
over' of the two absorptions, therefore the absorptions at 	1. 734 and 
1.718 are assigned to the vinylic methyl groups cis and trans to 
6-H respectively. These assignments are the reverse of those made 
by Baldwin and Krueger. 
2 
Our reasons for doubting the previous assignments for Ha  
arose from our studies  with the model compound III. By a chemical 
method we showed that for III in Cd 4 solution, the low-field methyl 
absorption (~1. 754) was due to the methyl group cis to 3-H, and the 
high-field methyl absorption (~ 1. 734) was due to the methyl group trans 
to 3-H. Using the NOE method already described for Ha, we have 
now confirmed our assignments for III. In [ 
2
H6]benzene irradiation of 
the low-field methyl absorption 
( 1.591) increased the 3-H absorption 
by 15. ±• 8 %, while irradiation of the high-field methyl absorption 
( 1. 542) increased the 3-H absorption by 3. 9+6. 2%. 	(The probability 
of the two enhancements being equal t<O. 1%, and the probability of the 
smaller enhancement being equal to zero is 7. 2%). Therefore, the 
low-field methyl absorption is due to the methyl group cis to 3-H. 
5 
Extrapol.tion to C C 1 4 solution by measuring the two absorptions in 
C 6 H6 - Cd 4 mixtures showed that the absorptions at l. 754 and 1. 734 
are due to the vinyrnethyl groups cis and trans to 3-H respectively. 
Similar NOE experiments with 2-methylpent-2-ene (IV) in 
CC14 solution showed that the low-field methyl absorption (l. 649) is 
due to the methyl group cis to 3-H (17. 6±5. 5% NOE) and the high-field 
methyl absorption (l. 575) is due to the methyl group trans to 3-H 
(7.0±3.6% NOE). 
We are now able to say that the stereochemical assignments 
made by Baldwin and Krueger 2 for lb and Ic, and for lib and lic, 
should both be reversed. This double reversal means that the reported 2 
stereo chemical course for the photochemical transformation I —> II 
is still correct i. e. lb —> lib, Ic —> lic. We feel that the stereo- 
chemical course is that which would be expected if minimisation of non-
bonded interaction were the major controlling factor during the rearrangement. 
Assuming the rearrangement to be initiated by cleavage of C(2)-C(3) 
H 	
y' H 







'.4 	U Me- 
i. e. a-cleavage (>>300nm), giving an alkyl-acyl diradical, 	C(2) and 
C(3) could move apart in a variety of ways by rotation of C(3)-C(4) and 
M. 
C(5)-C(6): (i) if rotation of C(3)-C(4) and C(5)-C(6) occur as depicted 
in V by the arrows a or c, and d respectively, C(3), or the methyl 
groups attached to C(3), is forced into collision with the endo-methyl 
group at C(7), (ii) if rotation of C(3)-C(4) and C(5)-C(6) occur as 
shown by c and b respectively, the endo-methyl group at C(3) is forced 
into collision with C(2), 	(iii) if rotation of C(3)-C(4) and C(5)-C(6) 
occur as shown by a and b respectively, no serious non-bonded inter-
actions are encountered. Furthermore this mode would produce the 
allyl radical C(3) C(1-)  C(S) with the minimum rotation of C(3)-C(4). 
After rotation of C(3)-C(4) and C(5)-C(6) as described in (iii), 
the diradical would be in the preferred conformation for cleavage of the 
cyclopropane, 
6
shown in VI. This allows good overlap of C(l)-C(6) 
with the adjacent atomic orbitals at C(2) and C(5). Cleavage of 
C(l)-C(6) would complete the rearrangement, generating a ketene function 
from C(l)-C(Z) and a trans-double bond from C(5)-C(6). 
Rearrangement as depicted in V by the arrows a and b 
therefore appears the most favourable course for minimisation of non-
bonded interaction and produces the observed stereochemical change for 
the conversion of I -> II. Our rationalisation favours a non-concerted 
rearrangement. 
Experimental ,  
N. m. r. spectra were determined using a Varian HA100 spectra-




 2-Methylpent-2-ene (IV) was prepared in a similar 
manner by dehydration of 2-rnethylpentan-2-ol in dimethyl suiphoxide at 
1650. The two olefins produced were separated by preparative g. 1. c. 
(30% S.E.30; 500). 
Methyl t:ans-3, 3, 7-Trimethylocta-4, 6-dienoate, (ha; X=OMe). - 3-
Methylcar-4-en-2-one ' (2. 6 g) in ether (550 ml) and methanol (7. 5 ml) 
at 150  under nitrogen was irradiated (450w Hanovia medium pressure 
mercury arc lamp - Pyrex filter) until all the starting material had 
reacted as judged by t. 1. c. and g. 1. c. The solvent was evaporated and 
the crude ester was purified by preparative g. 1. c. (15% Carbowax 20M, 
71 x34", 150° ). The ester had 	film 1734, 1660 and 1243 cm 	C14 max 
6.03 (2d, 5-H, J4 	15Hz, 35, 
6 
 10Hz), 5.63 (broad d, 6-H, 35 6 
10Hz, J 6, Me 1Hz), 5.46 (d, 4-H, 34 
5 
 15Hz), 3. 52 (s, OM e), 2. 17 
(s, 2-H 2), 1. 68 (broad s, vinyhic Me 2), and 1. 09 (s, 3-Me 2 ). 	Simultaneous 
irradiation of the 6-H resonance at5. 63 resolved the vinylic methyl 
absorption at l. 68 into two singlets (S 1.734 and 1.718). 
General NOE Procedure. - The procedure described by Bell and Saunders 3a 
was followed. The solutions were filtered and degassed, and TMS was 
used as an internal lock. A suitable internal standard was added to each 
solution. The strength of the second r.f. field was measured on an 
oscilloscope. As the dilference in the chemical shifts of the two vinylic 
methyl absorptions, which had to be irradiated separately, was very small, 
the concentration of the solutions was kept low (2-4% w/v), and the 
strength of the second r. f. field was kept below that required to proUc 
a maximum NOE so that the frequency range of the irradiating band was 
as narrow as possible. The most suitable power level was found to be 
28 mV. This gave a reasonable enhancement in the olefinic proton 
absorption when applied to the cis-methyl absorption, and a smaller 
enhancement when applied to the trans-methyl absorption. Ideally, the 
enhancement from irradiation of the trans-methyl absorption should be 
negligible, but the power level required for this would also give a much 
smaller enhancement from the cis-methyl group. 
An average of ten integrals were recorded for the olefinic 
proton and the internal standard for each irradiation position. 
I- 	 - 
N OE Measurements for ha, III, and IV. - 
Sample 	 Internal Std. 
4% ha in C 
6 D 
 6 CH2C12 
2% III in C 
6 D 6 
 CH2C12 
2% IV in Cd 4 CHC1 2.CHC1 2 
Ratio of olefinic proton absorp 
std. absorption 
A 	 B 
	
0. 590+0.025 	0.635+0.037 
1.731±0.061 	1.799±0.087 
0. 991±0.029 	1.061+0.018 




1. 165±  0. 043 
Compound 	 Enhancement of olefinic proton absorption on irradiation of 
High-field methyl B Significance Low -field methyl Significance  
absorption( /AxlOO_ 100 ) level absorption 	( 	/Ax 100 _ 100 ) level 
Ha 	 7 . 6± 7 . 8 % (0.75%) 15.6+7. 6% (1. 2%) 
III 	 3.9±6. 2% (7. 2 %) 15. 1 ± 4 . 8 % (<0. 1%) 
IV 	 7 . 0± 3 . 6 % (<0. 1%) 17. 6+5.5% (<0. 1%) 
Probability of enhancement being zero 
Probability of enhancement being equal to that observed on irradiation of high-field methyl absorption. 4 
irradiation at 50Hz away from any absorption 
irradiation of high-field methyl absorption 
irradiation of low-field methyl absorption. 
10 
Mixed Solvent Measurements with ha and III. - The chemical shifts 
of the two vinylic methyl absorptions were measured with simultaneous 
irradiation of 6-H and 3-H respectively. 
Ha (t.#. 0  
Solvent (C 6 H6 :CC l4 Low-field High-field Low-field High-field 
vol/vol) Me ('c) Me () Me () Me () 
5 :0 1.642 1.613 1.591 1.542 
4 : 1 1.658 1.628 1.632 1.587 
3: 2 1.678 1.649 1.660 1.619 
2: 3 1.697 1.672 1.691 1.657 
1:4 1.712 1.692 1.726 . 	1.698 
0 : 5 1. 734 1.718 1. 1. 740t 
These values differ slightly from those given in the Discussion 
(from ref. 1) which are for a IM solution. 
We thank Mrs. M. Groves for the n. m. r. spectra, and one of 
us (W.C.) thanks the S.R.C. for a studentship. 
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